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IHTRODUCTION 
Plant breeding has been successful in highly developed countries in 
iuçroving performance of econcanically important crops. In these countries, 
changes in cultural practices often have occured rapidly necessitating 
modification of breeding objectives. Agricultural progress in less devel­
oped countries is attained more slowly. The first step in such progress 
is adoption of cultural practices such as increased use of fertilizers or 
pest control. The introduction of adapted varieties from other regions 
follows. Finally breeding programs for specific needs are initiated. 
In either situation, it becomes inçerative to use cultural practices 
that assure efficiency in selection and testing programs. Assuming effec­
tive selection under one set of cultural conditions, or in one location, 
the response of such material under new environments then becomes 
important. 
In an attempt to study these problems in tomato breeding, the experi­
ment reported herein was designed. The specific objectives were to test 
the effect of spacing, transplanting dates, and transplant size on yield 
expression; the influence of these cultural practices in two widely 
different locations (Ames, Iowa and La Molina, Peru) on the ability to 
select higher producing strains; and the effectiveness of testing selec­
tions made under these cultural practices. 
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LITERATURE REVIEW 
The present study involves the effect of certain horticultural 
practices such as spacing or date of transplanting on yield and fruit size; 
and the effect of widely separated locations and these cultural practices 
on character expression and selection effectiveness. In the review of 
previous work, emphasis has been placed on inter-plant competition, on 
the effect of some cultural practices on tomato performance, on the nature 
of the plant material used and the inheritance of the characters studied, 
and, finally, on the possible interrelationships of these characters. The 
author has attempted to include pertinent literature with special attention 
to results of self-pollinated crops in general and tomatoes in particular. 
Varieties of Restricted Growth Ifebit 
Interest in varieties with restricted vegetative growth and early 
uniform ripening characteristics has increased in recent years. Yeager 
(1927) has shown that determinate varieties can be adapted to short growing 
seasons found in tençerate zones. More recently it has been shown that 
load characteristics can be modified to fulfill needs for mechanical 
harvesting. 
Determinate tomatoes can be described morphologically as self-pruning, 
producing inflorescences at terminal buds. The gene S£ (Yeager, I927) is 
singly inherited and placed by Butler (1952) in group IV of the tomato 
linkage map. Two plant types have been isolated: Type 1 (Young and 
MacArthur, 19i|-7) in which the inflorescence stops the terminal growing 
point and growth arises from axillary buds. This type consists of flower 
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trusses and no leaves, or of one or two leaves between trusses. Type 2 
(ffacArthur, 1932) has normal stem growth and flower trusses arising at 
each node. 
Inçrovement of determinate tomatoes has been significant for northern 
areas because of the association with earliness. Yeager (1933) reported 
on the developsent of Bison, adapted to the northern great plains, by 
selecting early plants from a late determinate by early indeterminate 
cross. Plants were chosen on the basis of their individual performance, 
A progeny of 25 plants was grown the noxt year. Yeager observed that early 
blossoming was correlated with early ripening, and that ovary size was an 
indication of fruit size and shape. Seven generations were required to 
obtain a true breeding line. 
The gene list for tomato by Butler (1952) included the following genes 
affecting reduced plant size: brachytic (^) characterized by shorter 
internodes bushy (W); somewhat more spreading and with leaflets farther 
apart on the petioles; and dwarf (d) described as short thick-stenmed 
plant with sessile rugose leaves. The dwarf gene is modified by dm 
producing an. extreme dwarf with upright growth habit. Brown (19^5) class­
ified tomato varieties with reduced growth habit in four groups: (a) 
dwarf and upright growth, (b) extremely dwarf and narrow feathery foliage, 
(c) semidwarf with normal foliage bearing a crop on the first and second 
trusses, and (d) dwarf with bushy foliage. 
Use of dwarf types in tomato breeding was reported early by Hedrick 
and Booth (1908), Price and Drinkhard (I908), and Halsted (1905, I906, and 
1907). Results with crosses of dwarfs with standard varieties gave ratios 
of 3 standard to 1 dwarf. Dwarf segregates in the Fg were usually 
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discarded since interest was concentrated in transferring desirable genes 
from dwarf to standard varieties. Recent work by Lorenzen and Hanna (I962) 
and Ifcnna^ has renewed interest in inqprovement of dvmrf varieties with the 
objective of developing strains adapted to mechanical harvesting. Tiny 
Tim and Hardins Miniature have been crossed with Red Top and other deter­
minate types to obtain desirable selections* Some of the characteristics 
wanted are: elongate fruit, unifoim ripening, high fruit load, and 
mature fruit which remains attached to the vine for long periods but 
separates easily when harvested. 
In variety tests, Hutchins (1929) in Minnesota recommended Red River, 
determinate, over inde termina tes Bonny Best, Stone, and Earliana, on the 
basis of high early yield and large fruit size. Victor (Yeager, 19W) a 
determinate type, gave higher early yield and larger fruit size than 
Earliana, Rutgers, and John Baer, all indeterminates. Adamson (19^3) 
obtained similar results for early yield and total yields and fruit size 
comparing Bison (determinate) with Earliana and Break O'Day (indeterminate). 
Determinate plants averaged 4l inches in spread while indeterminate vines 
averaged 53 inches. Brown (19^5) compared favorably types with reduced 
growth habit with standards such as Earliana and Sunrise in spacings of 
2.5 and 1.5 feet. 
Buschbeck (1964) in La Molina, Peru included Fireball and Pearson 
(determinate) with Urbana, Homestead 2k, Marglobe Improved, and Manalucie 
(indeterminate) in a two year trial. Conçarable yields were obtained 
^Hanna, G. C. Department of Vegetable Crops, University of California, 
Davis, California, Details of the tomato breeding project. Private commu­
nication. 1964. 
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among varieties direct seeded and transplanted. 
Wilt resistant dwarf selections from L. pimgpinelllfolium^ Rutgers, 
and Indiana Baltimore origin, were compared with Urbana at two plant 
densities (4,302 and 19,300 plants per acre). Stevenson (1958) reported 
good performance of Urbana at both populations, but higher early yield 
from two selections at the high population planting. 
Competition 
High density plantings increase the influence of interplant interfer­
ence or competition. Sakai (I961) states that growth of plants under 
these conditions are affected by density, by environment, and by intergeno-
typic conçetition. Environmental stress may be due to chance, as, for 
exainple, earlier germination of some individual plants or location of a 
plant in the field. Intergenotypic conçetition may be reflected in effects 
on vegetative growth or in effects on reproduction. These two effects may 
be related in some instances but conflicting in others. 
Interference between plants may change phenotypic expression and may 
thereby help or hinder selection. Conçetition may favor or supress indi­
viduals desirable in horticultural characters. Palmer (1952) states that 
increases in yield potential may not be observable where cultural environ­
ment limits development. 
Christian and Gray (19^1) studied the influence of interplant competi­
tion on single plant selection in wheat. Results showed the yield of the 
early variety was reduced by 23 percent by competition while the yield of 
the late variety was increased by a similar percentage. These differences 
were due to changes in spike number and not in weight of grain per spike. 
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It was concluded that wide spacing of individuals in early generations was 
necessary to avoid problems of cong)etition in selection of yield. 
Sakai (1955) observed in barley a significant effect of neighboring 
plants on weight of spikes per plant and on mean weight per spike, these 
effects result in genotypes that are exaggerated or arrested depending 
on the distance of neighboring plants. 
Measuring number of panicles per plant for two rice varieties, Sakai 
(1955) calculated heritabilities taking into account competitlonal variance, 
an estimate of O.I38 was obtained. When compétition was not considered 
the estimate of heritability was -0.153 « Calculation of heritability as 
regression of on Fg was in close agreement with the first estimte. 
It is suggested that the effect of competition should be recognized if one 
is considering characters affected by it. 
Sakai and Suzuki (195^) tested two varieties of barley, one a weak 
conçetitor, the other strong. It was found that the effect of varying 
distances from two to 64 centimeters between plants was significant. The 
interaction of variety x spacing was not significant. For example, mean 
head weight in pure stand was 817 grams at the 2 cms. spacing and 90 grams 
at the 6k cms.; while it was 23 and 101.0 grams in the mixture at the 
same spacings. 
Plant Spacing 
A critical review of literature on spacing for single stemmed tomatoes 
was made by Cooper (1957)* The factors postulated as influencing field 
spacing were: variety, soil fertility, and moisture. Most studies made 
have involved one variety at several between- and within-plant distances. 
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Results usually have shown increased yield at close spacing. A lack of 
yield increase, reported in several studies, could be interpreted as the 
limiting effect of water and/or soil fertility. 
The need for mechanization of cultural operations and the dependency 
on manual harvesting have precluded close spacings. The significant 
reduction of fruit size by very close spacings also may be an important 
commercial disadvantage. However, the advances in mechanical harvesting, 
and the development of adapted dwarf or determinate varieties have made-
high density populations realistic. 
In Ceylon, Paul and Jayasundera (1938) and Paul and Joachim (1938) 
used the variety Marglobe staked and pruned to a single stem. They did 
not get significant yield increases from fertilizers applied to three 
planting densities. It was thought that the initial broadcast application 
masked the response to individual treatments. Areas per plant of k32 square 
inches gave higher yields than 61^8 square inches at one location. At a 
second location, no difference was found between 432 and 3^4 square inches 
per plant. 
Vittum and Tapley (1953) found a significant interaction of spacing 
with fertility when using the variety Gem (determinate type) in a four 
year study at New York. The final recommendations were iWtO square inches 
per plant with large supplemental fertilizer for early yield, but not for 
total yield. This spacing and fertilizer treatment reduced average weight 
per fruit. A study in 1957 by the same authors with Red Top (determinate 
paste type) did not give a significant interaction although there was a 
trend toward increased response to fertilization in closer spacing. The 
area per plant that produced the highest yield per acre was 1440 square 
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inches. No difference in fruit size was noted. 
Alpatjev (1953), in Russia, reported superior results with 381 square 
inches per plant and high nutrient conditions. Reeves (1962) found a 
significant interaction of nitrogen treatments with spacing when using 
Improved Garden State. Nitrogen was said to be important when the plant 
had a heavy finit load and the fruit begin to ripen. Fruit size was smaller 
for the closest spacing (IO68 square inches per plant) than for others; 
but early and total yield were significantly increased. 
Moore (1958)> io Arkansas, reported that the best spacing was I296 
square inches per plant, when soil moisture was over 50 percent available. 
Conqpetition reduced the average number of fruits per plant and the average 
size of fruit. These effects were not offset by fertilizer. Irrigation 
modified the reduction in weight per fruit, but not the number of fruit 
per plant. 
Huelsen (1939), considering different habits of growth, recommended 
spacings dependent on the type of vine. Currence (19^1) combined variety, 
spacing and staking treatments in a split plot design and for early yield 
obtained a significant interaction of variety by staking. The early yield, 
of Break O'Day (indeterminate) was inçroved, that of Pritchard (determinate) 
was not. For total yield, no interactions were significant and close spac­
ings gave increased yields per unit area. 
Odland (19^9) found closer spacings gave larger early and total yields 
for both Rutgers (indeterminate) and Pennhart (determinate). 
Koros (1959) conducted a two year trial with seven spacings and two 
varieties. The closest spacing, 12 inches by I6 inches, resulted in 
mfl-g-ininm yields for both varieties. However, different results were obtained 
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with intenmsdiats spacings for each variety. 
When single-stemmed plants were compared with multistemmed plants 
under greenhouse conditions. Cooper (195^, i960) obtained more fruit per 
unit area with the latter type. The yield of single-stemmed plants 
increased with closer spacing, while that of multistemmed plants decreased. 
Date of Transplanting 
The significance of date of transplanting is related to the length 
of growing season and to the environment during this growing season. 
Toaoatoes grown in production areas with a growing season limited by 
tençerature may respond significantly to early season enviroimient. The 
inçortance of night tençeratures in tomatoes was emphasized in a study by 
Went and Gosper (19^+5) with five varieties in eight Southern California 
locations. Fruit production did not occur below fifteen degrees centigrade 
in the varieties Beefsteak and Stone. The variety Earlian;a, however, 
seemed to set fruit at lower temperatures. Nonnecke and Kemp (19^3) devel­
oped Earlynorth for lower teinperature fruit setting. Recent unpublished 
research has established lower minimum night tanperature requirements for 
many new varieties. 
Several authors (Skripnicenko, 19^9j I&ttan, et al. 1959) suggest 
transplanting dates based on previous metereological data. Rattan, Stark, 
and Kramer (1957) noted that date of field setting could hot be used to 
shift peak harvesting economically, without relying on irrigation. 
Larson and Pollack (1952) reported a highly significant interaction 
between early yield of variety and tine of transplanting. The most effec­
tive date assured sufficiently high night tenqperatures for fruit setting 
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and regular moisture supply. Dates earlier or later were less effective. 
In tropical areas, where the tomato behaves as a perennial, production 
is limited primarily by humidity, moisture distribution and pest infesta­
tions. Figures 1 and 2 show weather records from the vegetable farm at 
La Molina, Peru. Experience has suggested that in this particular area, -
highest yields are obtained in February and March (summer months). July 
and August offer ideal conditions for the development of leaf diseases 
(primarily Phytophtora infestans). Also during these months, low night 
tenteratures may reduce fruit setting. 
Age of Transplant 
Tomatoes are classified as a crop easy to transplant. Loomis (1925) 
has attributed this to a speedy recovery of the root system. Several 
investigators (McCrory, 19^6; Hinges, I96I; Nicklow and Hinges, I962) 
have reported superior perfonnance from transplants younger than six weeks 
with no flowers at the time of setting. Saito and Ito (I962) studied the 
ideal tenqperature-' at which to grow seedlings. Maximum growth, flower 
formation and fruit production were obtained from seedlings grown at 2k-
degrees centigrade during the day and I7 degrees during the night. Saito, 
Hatayama, and Ito (I963) used these temperatures and photoperiods of eight 
and sixteen hours of length. Long days gave a more vigorous plant with 
early flower-bud differentiation and increased number of flowers. High 
light intensity (100 percent of the total) also gave better transplants 
when craiqoared with low light intensity (24 percent). They concluded that 
a combination of long photoperiod, high light intensity, and "low" night 
temperatures (17 degrees Centigrade) resulted in increased proteins and 
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carbohydrates in the plant and, consequently, a higher yield. 
Planting Method 
Trials comparing direct seeding with transpil^nting are numerous. 
Cranefield (I899) in Wisconsin, Holmberg and Minges (1952) in California, 
Vostrov (1953) in the Urals, Ifamson (1961) in Utah, Bado (I961) in Morocco, 
Corrales (1955) and Buschbeck (1964) in Peru, report higher yields for 
the direct seeded tomatoes. Huelsen (1939) reported that Early Baltimore 
yielded higher than Illinois Baltimore when seeded directly, but lower 
when transplanted, while Buschbeck (19^4) found no such interaction. 
Several advantages of direct seeding are listed by Minges and others 
(1950). These include shorter time of seeding to harvest, less cost if 
climate and soil conditions are favorable, uninterrupted plant growth, 
reduced virus introduction and spread in the field (also reported by 
D'jacenko (1959) and Gol'din and Jurcenko (1959) in Russia), and closer 
spacing without added cost. These considerations have resulted in an 
increased use of direct seeding in areas where climatic conditions have 
permitted proper culture and consistent ripening. 
Yield of Tomatoes 
Yield of fruit in tomatoes has been studied genetically by several 
workers. Wellington (1912) observed heterosis for yield in the and a 
decline in subsequent generations up to the Fij,. Based on these data, it 
was recommended that production of F]_ hybrid seed would be economical. 
One of the first attempts to analyze yieJjd inheritance was made by Powers 
(1945) using partitioning into sinçler conçonents. The results indicated 
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that number of fruits per plant accounted for a greater proportion of the 
variation than did weight per fruit. The two conçonents seemed independent. 
It was proposed that yield improvement in hybrids was possible by recombin-
ing increased number of fruit with large fruit size. Number of fruit and 
yield per plant showed heterosis, and fruit size no dominance in some 
inbred - hybrid combinations. 
Powers (1950) stated that genes and environment interact to give less 
than additive ; additive and somewhat multiplicative relationships for 
yield of ripe fruit per plant. No genes appeared to have equal effects 
either between or within component characters. 
Griffing (1953) treated yield in terms of its coaçonents. On the 
basis of a logarithmic scale, heterosis was shown for yield but not for 
number of fruit per plant or weight per fruit. Number of fruit was inter­
mediate between the parents, while fruit size was less than the midparental 
value. Additive genetic variance accounted for more than 90 percent of 
the yield components, and for 79 percent of total yield per plant. It was 
pointed out that the parents were chosen to show greatest genotypic differ­
ences . 
Peirce and Currence (1959) calculated heritabillties of yield. On 
the basis of Fg, backcross and parental variance the value was 39-^ 
percent; when regression of F^ means on Fg parents was used, the estimate 
was 27.1 percent. The difference, in percent of the larger estimate, 
indicated contribution from genotype x environment interaction. The means 
did not correspond to a geometric scale, and heterosis was exhibited in the 
Fi-
Williams and Gilbert (i960) examined yield as expressed by production 
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during the first three weeks of fruiting. Varieties with a large number 
of small fruit gave higher yields than those with a few large fruits. In 
general no heterosis for yield was found when high yielding parents were 
crossed, indicating little specific combining ability at the high yield 
level. 
Fruit Size 
Size of fruit is an inçortant yield ccnqponent (Griffing, 1953) and 
also a factor in overall market quality. It is therefore, one of the 
essential objectives in a program, especially where combined with early 
and/or reduced plant size. In early varieties, ir^rovement has been slow 
regardless of the method (yeager, 1937; Butler, 19^1; Myers 1914; and 
Hawthorn, 19^2). Kenç) (i960) successfully used two-way frequency distri­
bution tables of fruit size and days to maturity to select for the next 
generation. In dwarfs, Stevenson (1958) reported that iruit size was an 
inçortant disadvantage in this type of variety. Khalf-Allah (1962) con­
cluded that careful selection pressure for earliness, fruit size and yield, 
resulted in some inçrovement. Selection of superior plants in large 
fruited and high yielding lines was the most effective. 
Some of the results of inheritance of fruit size are reported here. 
Early studies were conducted on measurements of polar and equatorial 
diiimeters. Average fruit weight is now conmonly used. 
Price and Drinkhard (1908) observed that crosses of small with large 
fruited varieties gave Fi plants with intermediate sized fruit. The Fg 
showed a complete series of intergrades. These results initiated the 
interest in inheritance studies of fruit size. Groth (1912, 1915) reported 
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that the geometric mean of the parents gave a better estimate of the 
mean than the arithmetic mean. The frequency distribution showed contin­
uous variation and its range was wider than that of the parents and the 
F-j_. Frimmel (1922) proposed that fruit size depended on locule size and 
the degree of fasciation; the former being intermediate in the the 
latter, a simple recessive. 
Studying the basis for mature fruit size, Houghtaling (1935)> Butler 
(193T) and Yeager (1937) found a close correlation with flower ovary size. 
Houghtaling (1935) pointed out that ovary size developed first as the result 
of cell division. Cell enlargement occurred following pollination. Butler 
(1937) then proposed that since cell division was responsible and this is 
a geometric process, crosses should result in F^ and Fg means of geometric 
nature ( X a pj^p2 ) rather than arithmetic ( x r pl+ p2 ). MacArthur and 
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Butler (1938) presented some evidence to support this proposal. It was 
also concluded that fruit size inheritance is complex and multifactorial. 
Fg distributions were skewed unless data were converted to logarithms. 
Powers (1950), using the logarithmic transformation, partitioned fruit 
size into number of locules and weight per locule. Partial phenotypic and 
genotypic dominance for few locules appeared to be controlled by three 
genes, each with different effects. Two genes tended to increase weight 
per locule and one gene tended to decrease this weight. For average weight 
per fruit, a multiplicative relation of the two components gave partial 
phenotypic dominance for greater fruit weight. More than three genes appar­
ently control the character with no evidence of pleiotropy. The genes for 
number of locules per fruit showed more effect on average fruit weight than 
did the gene for weight per locule. The correlation of the two components 
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ranged from r» -O.287 in the parents to -O.813 in the From analysis 
of weight per locule, Powers (1950) reported two to three gene differences 
for two crosses and ten or more pairs for one cross. 
Fogle and Currence (1950) found a close association of locule number 
and locule size with average fruit weight. Both ccoçonents appeared to 
be controlled by different sets of one major and two minor genes. Esti­
mates of Fg means were improved by using logarithms of parental and Fj^ 
data. Few locules and small fruit size showed partial dominance. 
Lindstrcm (1935) compared inheritance of fruit size in diploid and 
tetraploid F]^ and F2 generations of the cross Red Currant (l gram) by a 
dwarf strain (22 grams). The diploid Fg generation gave a skewed frequen­
cy distribution of fruit size while the tetraploid Fg was normal. Diploid 
means in these segregating generations were greater than tetraploid means. 
It was postulated that size genes showed partial dominance with additive 
action. 
In several instances (Lindstrom, 1926, I928; Currence, 1932; 
MacArthur, 1934; Dennett and Larson, 1953) relationships of fruit size 
with qualitative characters have been found. MacArthur (193^) suggested 
pleiotropic effects of size factors, based on their unequal effects and 
their tendency to be dominant or recessive instead of "blending". Jenkins 
and Berg (1958) studied segregation of the 0 (oval fruit) and f (fasciated 
fruit) loci and concluded, using logarithmic scale that these genes 
contributed 30 to 50 percent of the additive genetic size variance. 
Modifying genes apparently contributed the remainder of the variance. No 
interaction was noticeable, and partial dominance in both directions was 
reported. 
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Interrelationships Among Quantitative Characters 
Plant breeding involves extraction of the best individuals from a 
population of genotypes. These individuals must excel in several charac­
teristics at the same time. It is therefore important to analyze the 
interrelation of commercial characteristics and the effect that selection 
for one has on the expression of the others. 
Lin Kno-Ming (1925) showed that fruit diameters in tomato were corre­
lated with fruit weight and that the correlation coefficient of fruit size 
and number of seed locules was 0.475 in the F]^ and 0.590 in the Fg. 
Larson and Currence (1944) calculated correlations in three years of 
Fj^ data for early yield and total yield, and fruit size in all combina­
tions. Highly significant negative relationships were obtained for early 
yield and fruit size in two years. Total yield and fruit size were posi­
tively associated at the 0.05 level. Peirce and Currence (1959) found 
significant positive genetic associations when using the following formula; 
Powers (1945, 1950), in studying components of yield using inbreds 
and F^ hybrids, obtained a negative correlation of yield per plant and 
fruit size. A positive relationship of yield with number of fruit was 
confuted. The correlation coefficients of the components of fruit size, 
weight per locule and number of locules per fruit, ranged from -O.287 for 
one parent to -O.813 for the Fj^ hybrids. 
Griffing (1953) related the same characters in selected parents and 
their F^^ hybrids. Correlations of 0.994 for the parents and O.636 for the 
Gov Fg Gov Fj^ 
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hybrids were calculated for yield per plant and fruit size. Estimates of 
-0.989 for parents and -0.502 for F-j^ hybrids were calculated when consid­
ering yield per plant and number of fruit. These characters were divided 
into environmental and genotypic components. It was concluded that cluster 
appears to be an in^ortant biological conç)etitive unit. Genes tending to 
increase number of fruits also will tend to increase fruit size. It was 
theorized that there is a competition between them to obtain the genotypic 
limit of yield. 
Pollack and Larson (1955) studied seed number and seed size relation­
ships with weight per fruit. Significant correlations of seed weight and 
fruit weight were found in the F2» 
Peirce and Currence (1959) found genetic correlations of 0.353 and 
0.112 for earliness and fruit size, and for fruit size and total yield, 
respectively, 
Genotypic-environmental Interaction 
A variety or race may show unequal responses under different condi­
tions of testing. These unequal responses have been termed genotypic-
environmental interactions. Allard and Bradshaw (196!^) have pointed out 
three characteristics of this interaction. First, the chances are small 
for analyzing and explaining the basic causes of those interactions 
important to the breeder. Second, estimates of the magnitudes of the 
interactions must be made from relatively small sauqoles and will probably 
provide only gross approximations of the total potential of the interac­
tions. Third, there is virtually an infinite number of interactions. It 
was also stated, however, that progress has been made by breeders in the 
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past In spite of these conçlexities. Progress will probably continue in 
the future. 
Two broad types of environment influence genotype performance. These 
are; (l) effects of factors such as soil types, length of growing season, 
temperatures, rainfall, etc.; and (2) the effect of different agricultural 
practices, fertility levels, planting times, etc. in a given crop and 
region. Studies have been conducted to evaluate the magnitude and impor­
tance of these interactions. 
Falconer (1952) presents an analysis of the situation illustrating 
the relationships present and the conditions for successful selection for 
a character under a particular environment. It is proposed that the 
genetic correlation between two characters and the heritabilities of the 
characters will influence the response to selection whether working at 
the character or at the total performance level. 
Yamell (19^2) listed several considerations relating to the influence 
of environment on the expression of hereditary factors, (l) Under one set 
of conditions, moisture, light, etc., it may be inçossible to differentiate 
between two genetically different individuals which would react unequally 
under another set of conditions. (2) A gene ccnqplex may have selective 
value only under appropiate environmental conditions. These conditions 
may have to be produced artificially, as in the case of testing for resis­
tance or suceptibility to a given disease. (3) The value of a character 
under one environment may not reflect its value under another environment. 
(4) It is probable that adaptation of varieties to a new region can be 
inçroved by selection and breeding, even if these varieties had been 
developed for regions with a different set of conditions. (5) Genes of 
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value in one area may be lost in another area in a given iisprovement 
program. 
Currence, et al.; (1^44) tested six varieties of tomatoes and all 
possible hybrids among them at two widely separated locations (Saint 
Paul, Minnesota and Kingston, Rhode Island). At Saint Paul, the variety 
Earliana was superior in canbining ability, and Rutgers was the poorest. 
Pritchard x Earliana was found to be one of the best specific combinations. 
At Kingston, however, Rutgers was a good general combiner, Pritchard x 
Rutgers the best specific combination, and Earliana poor in performance. 
At each location there was a positive relationship between high yield and 
good combining ability. It was suggested that Pritchard may have wide 
adaptation. 
Larson and Marchant (19^4) studied the response of three hybrids 
and ten strains of tomatoes on two distinct soil types. For early, total 
and marketable yield, and for fruit size, the results showed a significant 
interaction of soil and strain, indicating differential response of the 
hybrids and the strains to soil texture. 
In view of differential response of varieties to locations, the number 
of tests required for strain evaluation in a breeding program must be 
determined. Special environments may require the development of specific 
lines. Homer and Frey (1957) attempted such an evaluation in the Iowa 
oat program. Using location x variety interaction of nine widely separated 
sites in the state, four subareas were determined that suppressed effects 
of the interaction. This was proposed as the optimum subdivision of the 
state for yield trials. Similar attempts have been made in Iowa by Sprague 
and Federer (1951) for com trials, and in North Carolina by Miller (19^2) 
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for cotton yield trials. 
The grouping of locations may make it possible to isolate certain 
characteristics, such as growing season or soil type, common to all sites. 
Characters that will provide superior performance for a given set of condi­
tions can be considered in selection. For exançle, Larson and Marchant 
{19M)-) mentioned that texture and moisture-retenti on relationships played 
an inçortant part in a season in which rainfall was limiting. Tomatoes 
grown on light textured soil suffered more moisture limitations than those 
grown on heavy soil. Yield on light textured soils may have been related 
to drought resistance; thus, selection may favor genes governing drought 
resistance rather than yield per se. 
Variations in environment, tençerature and rainfall distribution are 
unpredictable. These variations will influence variety performance from 
year to year and little can be done to eliminate them. The concepts of 
variety mixtures and stable genotypes are attempts to minimize variation 
in production. Sprague and Federer (1951) have shown that differences in 
years are more important than locations in testing com in Iowa. This 
necessitates several years of testing at an appropiate number of locations. 
Such tests may provide conditions that do not maximize character differ­
ences, thus making it difficult to separate superior genotypes. It may 
be necessary to discard data when yields are below a certain level in order 
to draw valid conclusions if these conditions are obvious. 
Interaction of Genotype with Superimposed Cultural Practices 
Environmental influence on genotype may be extended to changes in 
phenotypic ejqiression due to cultural treatments. 
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îfyers (1914) discussing tomatoes, stated; 
"While a plant should be considered the unit of selection and that 
in selection work we should expect to find in the progeny those characters 
which are present in the parent, yet it may not necessarily follow in all 
cases since in some the superiority may be due to environment and not to 
heredity, a fact that can be proven only by subsequent breeding tests." 
Larson and Currence compared the performance of four hybrids 
and one variety under four intrarow spacings. For early yield, a signifi­
cant spacing x strain interaction was obtained. This was attributed to 
plant size. Hybrids with small plants did not increase early yields as 
spacings became small as much as did hybrids with large plants. For total 
yield and fruit size, no interactions were noticed. 
Larson and Pollack (1952) studied three planting dates and six entries 
(four varieties and two F^ hybrids) in tomatoes. For early yield, the 
entries did not maintain the same relationships with each other at each 
planting date. In this instance one trial in one environment was not 
sufficient to show earliness of a variety. For total yield, the ranking 
was maintained in all treatments, and the intermediate planting date gave 
highest yield for every entry considered. 
Differential response of varieties for specific purposes also was 
reported by Rattan et al, ( 1959) » Results in Arkansas showed Homestead 2k 
and Big Boy to have superior yield and quality for the fresh market and 
Urbana and Kokomo for processing when planted in the first week of May. 
The choice of cultural practices to use for selection and testing of 
lines in a breeding program has been studied in several field crops and 
in mice;.. 
Weber (1957) studied selection for yield in soybeans under several 
spacings, including rows with drilled, four, and eight-inch plant spacings. 
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In one test, twenty plants from each of three crosses advanced to the Fg 
generation through the bulk method were selected from each of the three 
spacings on the basis of phenotypie expression of yield. After one gener­
ation of increase (Fj); the sixty selections and a check (Fg) were tested 
in drilled rows. The same procedure was used starting with Fj populations 
of three different crosses and testing in the F^. It was concluded that: 
"Conçetition among plants in the row should be greatest in drilled 
plantings and least in eight inch spacings; and that genotype for yield 
did not express itself differently with severe competition than with 
reduced conçietition. Individual plant yields were highest at eight inches, 
intermediate at four inches and lowest drilled. Therefore the quantity 
of seed desired by the breeder from individual plants will determine 
optimum spacing." 
Gotoh and Osanai (1959) working with wheat studied the efficiency of 
selection for yield under three different fertilizer levels. Superior F;^ 
lines were found more frequently in material selected under one-half normal 
fertilizer treatment than in the other two treatments. Heritability values 
were also higher in the one-half normal fertilizer level. 
Frey (1964) reported a similar study of oats under "stress" and "non-
stress" conditions at itoes, Iowa. The test included the best l8 Fy lines 
selected under "stress" (low fertility) and "non-stress" (normal fertility) 
conditions. The heritability for grain yield was higher under non-stress 
that under stress conditions. When tested in three sites, the strain x 
locations interaction was highly significant in stress but not for non-
stress selections. This indicated wider adaptation of strains selected 
under this non-stress environment. The progress in mean yield from selec­
tion was small but equal for the two sets of conditions. 
In mice. Falconer and Latyzewski ' (1952) studied selection for higher 
body weight under unlimited versus restricted food conditions. These diets 
were given when the animals were from three until six weeks old. Hérita-
bility estimates were higher for the restricted diet population. Progress, 
on the other hand, was slightly more rapid, although not significantly so, 
in the favorable environment. This was explained on the basis that 
ress in selection not only depends on the fraction heritable, but also on 
the magnitude of the heritable portion. Also, in the restricted diet 
population the reduction in environmental variance was more than the reduc­
tion in genetic variance, thus increasing the estimate of heritability 
obtained. Mice selected on the restricted diet and later moved to a full 
diet performed as well as the mice selected in that environment. Mice 
selected in the full diet did not do as well in the restricted food envi­
ronment as mice selected under those conditions. It is possible that 
selection in one plane of nutrition was not for the same characters as in 
the other. 
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MATERIALS AND METHODS 
A total of five split plot trials were carried out in the three years 
1962, 1963> and 1964 at Ames, Iowa and La Molina, Peru. Table 1 shows the 
pedigrees of the material used. In all instances the border plants were 
not included in the plot records. At the time the fields were checked for 
survival of plants, care was taken to maintain the spacings in order to 
reduce difference in conçetition, particularly in the 1' spacing. 
The trial consisted of four replications each divided into five main 
plots, to include two checks (Fireball and 24-61-1) and three lines 
developed from single plant Fg selections (IO7-6I-2, 104-6l-l, and IO6-61-
3). Each main plot was subdivided into six single row plots consisting of 
two spacings (three and one foot between plants in the row), two transplant­
ing dates (plants seeded and set in the field 7 and l4 days after normal 
date), and two plant sizes (obtained by seeding 10 days earlier and 10 days 
later than normal in greenhouse). The check treatment was the 3* spacing 
seeded on April 20th (normal seeding date) and set out on May 19th (normal 
transplanting date). Each subplot was 30' in length. 
Single plant selections in the Fg progenies were based on early yield, 
size of fruit and overall appearance. Data were recorded on a per plant 
basis for early yield, total yield and number of fruits. Size of fruit 
was computed as total yield divided by total number of fruits. Four 
superior plants were chosen, one from each spacing and transplanting date 
treatment. No superiority was noted in the treatment varying size of 
transplant. 
Table 1. Pedigree of the selections included in the three year, two location selection study 
Parente Single 
plant 
selection 
line 
Treatment 
frorii 
which 
selected 
li^e 
Location 
treatment 
from which 
selected 
nd Fr lines tested 
at /ones and 
La Molina in 
two spacings 
Glamour 
X 
5-5% 
107-61-2 late 
season 
transplant 
127-62-5 3 '' spa cm 
/anes 
A-216-63-1 
1' spacing U4-4l6-63-l 
La Molina 
IO7-0I-2 3' spacing 310-62-4 1' spacing 
La Molina 
LM-305-b3-ll 
ro 
vn 
TMV-12 
X 
5-5% 
104-31-1 mid season 
trans'pl£int 
L24—o2-5 3 ' spacing 
La Molina 
1' spacing 
LM-105-63-1 
IM-322-63-1 
A-302-b3-l 
^iies 
5-59 
X 
TMV-15 
Fr lOo-ol-S 1' spacing i.0o-u2-27 3' spacing 
jjnes 
1 ' spacing 
jjiies 
A-410-63-1 
;,_IiOC-63-l 
I 
ïuble 1. (coiioiiiued) 
Pa 1-e nt s 8 i ne-le 
X)la lit 
oelection 
^3 line 
Treatment 
from 
which 
selected 
ï'i, 
lii le 
Location and 
treatment 
from which 
selected 
Fc lines tested 
at mes and 
La Molina in 
two spocings 
Checks Fireball 
24-ul-l 
Fireball 
2'-l--ol-.i. 
Fireball 
24-^ -^1 
Trials ^uues . jiiea 
La Lioli,.:. 
.-unaa 
I.W Molina 
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1963 Ames Trial 
Four replications again were used in 1963. Two checks (Fireball and 
24-61-1) and four single plant selections from the previous year (127-
62-5, 316-62-4, 124-62-5, and 108-62-27) were included as single row main 
plots. The four single row subplots consisted of the same cultural treat­
ments of the previous year excluding size of transplant. The check cultur­
al treatment was the 3' spacing transplanted on the normal date. Plot 
size was identical to that of I962. 
Yield and number of fruit were recorded on a per plot basis. Size of 
fruit was ccŒçuted as yield divided by number of fruit. Selection was based 
on visual observation although individual records of several plants were 
taken before the final four selections were made. 
1963 La Molina Trial 
An identical trial was conducted at La Molina. Records were taken on 
a per plant basis in the spacings of the subplot only. The transplanting 
date subplots were lost through lack of sufficient irrigation. Four single 
plant selections were made on the basis of yield and size of fruit. 
1964 Ames Trial 
Six replications were included in the I964 trial. Main plots consisted 
of the checks (Fireball and 24-61-1) and eight progenies of single Fi^. plant 
selections, four made at Ames and four at La Molina (A-216-63-I, A-302-63-
1, A-409-63-1, A-410-63-1, IM-105-63-1, IM-305-63-II; LM-322-63-3, and IM-
416-63-1). The single row subplots consisted of 3' and 1' spacings between 
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plants. The check cultural treatment was the 3' spacing containing a 
maximum of six plants. 
Records were kept on a per plot basis for total yield, number of fruits 
and size of fruit. 
1964 la Molina Trial 
The Ames trial was duplicated at La Molina. Data were recorded on a 
per plant basis for total yield, number of fruit and fruit size. 
Statistical Methods 
The data on a per plot basis for every trial was analyzed using the 
analysis of variance shown in Table 2. The I963 and 196k Ames and La 
Molina data were combined to study the location effect Table 3* 
Using the per plant data for the three characters recorded, analysis 
of variance was calculated for each entry and treatment combination as 
shown in Table !»•. 
Heritabilities were calculated using conçonents of variance from these 
analyses. For a single trial analysis, the following formula was ençloyed: 
h^ = Lii X 100. 
e  a ^ ^ s l  
For the combined analysis. 
^sl 
h^ = X 100; 
^e + W + V si 
and for the single treatment and entry combination, 
^2 Interplant variance of selection - Interplant variance of check 
Interplant variance of selection 
Table 2. Individual analysis of variance 
Source of variation Degrees of freedom Mean square estimates 
Blocks (r-1) (r^e(b) +• 8(r^e(a) + s.e 
Entries (e-1) ir^e(b) + sc2e(a) + rs K^e 
Checks (ck-1) (r^e(h) + sj-^(a) + rs K2ck 
Selections (sl-1) (r^e(b) + s (r^e(a) + rs K^sl 
Individual degree of 
freedom con^risons 1 
Checks vs. Selections 1 
Error (a) (r-l)(e i-1) r^e(b) + Sf2e(a) 
Cultural treatments (ct-1) <r^e(b) + re K^ct 
Cultural treatments x Entries (ct-l) (e-1) <r^e(b) t rK^exct 
Cultural treatments x Checks (ct-1) (ck-1) fl'^e(b) + rK^ckxct 
Cultural treatments x 
Selections (ct-1) (sl-1) C^e(h) + rK^slxct 
Cultural treatments x 
Comparison (ct-1) 
Error (h) r(e-l) (ct-1) (r^e(b) 
Table 3» Analysis of variance combining the two trials in I963 and 1964 
Source of variation Degrees of freedom Mean squares estimates 
Locations (1-1) o-Sa + re <r^a + tregr^l 
Blocks (locations) (r(i)-l) r2a + rej-^a^ tlicr^(l) 
Entries (e-l) r^a + re^r*^ + rtlK^e 
Checks (ck-l) (T^b + recréa ^ rtlK^ck 
Selections (s.1-1) <r2b 4- re ,+• rtlK^sl 
Checks vs. Selections 
Location x Entries (1-1) (e-1) rSb + re (T ^  + rt 9- ^ Ixe 
Location x Checks (1-1) (ck-l) +• re 0* 2a 4. rt 
Location x Selections (1-1) (sl-l) (T^b +• re (T^ + rt(r'^lxsl 
Location x Comparison 
Error (a) (1-1) (e-1) (r(l)-l) 
o
f h + re (T^a 
Spacing (s-1) rSb t re r^txl + relK^t 
Spacing x Location (s-1) (1-1) + re (J- ^ txl 
Spacing x Entries (s-1) (e-1) (r2b + r(f ^ txlxe f rliftxe 
Spacing x Checks (s-1) (ck-l) rg-^^xlxe f rlK^txck 
Table 3» (continued) 
Source of variation Degrees of freedom Mean square estimates 
Spacing x Selections (s-l) (sl-l) + rf^txlxe +• rlK^xsl 
Spacing x Coniparison 
Spacing X Entries x Locations (s-l) (e-l) (l-l) -h r<f^xlxe 
Error (b) C^b 
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Table k. Analysis of variance for each entry and treatment combination 
in the per plant data 
Source of Degrees of Mean square Covariance 
variation freedom estimates: estimates: 
Total Observations-l 
Blocks r-1 
( 
Interplant (obs.-l)^r-l) r^ ptpl 
® where 1 and 2 are the characters measured. 
In the latter formula, the interplant variance of the check is the 
best estimate of environmental variance available, although the check is 
not related genetically to the selections. 
One and two way frequency distributions were made with the per plant 
data for yield and size of fruit and are reported in the results with the 
means. 
Genotypic correlations were calculated using the following formula; 
J. a Gov. 12 of the selection - Gov. 12 of the check 
/(Var. 1 of the selection-Var. 1 of the check)(Var. 2 selec.-Var. 2 
Gheck) 
where subscripts 1, 2 refer to characters analyzed. This formula is 
similar to the one used by Peirce and Gurrence (1959)« The covariance 
between two characters in the check is used as an estimate of environmental 
covariance. 
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RESULTS 
Environmental conditions at Ames, Iowa and La Molina, Peru 
The differences in environmental conditions for Ames and La Molina 
are shown in Figures 1 through 4. In Ames, each of the three years varied 
from nomal: 19^2 was cooler, I963 and 1964 were warmer than average. 
At La Molina, the I963 monthly tenterature increased from a mean of 63 to 
an average of 72 degrees Fahrenheit as the growing season advanced. In 
the next year it varied from 6l degrees to 57 degrees in the early season, 
rising to 65 degrees at flowering and fruit-format!on time. The temper­
ature in 1964 was lower than average for the region. 
At Ames, total sunlight seemed to be more uniform, on the average, 
and was highest when flowering and fruit development were at a maximum 
for most varieties. In total hours of sunshine in I963, La Molina had 
fewer hours in the beginning of the growing season, while later the number 
was average. In 1964, seeding was done at the time of lowest light 
intensity, and it was below average until September when the number of 
hours of sunshine increased. 
Relative humidity fluctuations during the year at La Molina were 
between 80 and 90 percent. At Ames, they were between 65 and 75 percent. 
Monthly rainfall can only be described as a trace at La Molina, the 
highest precipitation being between one and two millimeters from June 
to September. Production of tomatoes in Ames depends largely on moisture 
amount and distribution. Figure 4 shows the rainfall schedule in relation 
to the average. Two of the three years had less precipitation than normal 
in the late part of the season. In I963, June was a moisture deficient 
month. 
Figure 1. Tenqperature variation at Ames, Iowa and La Molina, Peru in 19^2, I963, and 19^4 
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Figure 2. Variation in hours of total sunshine (percent of the total) at Des Moines, Iowa and 
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Figure 3. Relative humidity variation at Ames, Iowa and La Molina, Peru 
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Total Y:2ld Per Plant 
Total yield was measured both on single plant and single plot bases. 
The data were analyzed for yield per plant, and yield per acre after 
appropiate calculations were performed on the original records. In most 
respects, the results agree for the two measurements. The most iuçortant 
exception is that while individual plants have a lighter fruit load when 
grown at 1' spacing, the yield per acre at this close spacing exceeds that 
of plants in wide spacing. This difference indicates that the increase 
in number from 2,620 plants to 7»26o plants per acre offsets the reduction 
in load that may be caused by close spacing. 
Results of tests at Ames, Iowa 
The nui^er of the original plant and the treatment from which the 
single Fij, plant was selected in I962 are used to identify the line and the 
progenies in the following discussion. For example, "107-61-2 late season 
transplanting family" designates the F^ line, IO7-6I-2, its Fj^ progeny, 
127-62-5, and its F^ progenies, A-216-63-I and/or IM-4l6-63-l. This Fj^ 
progeny had been selected from a late season transplanting treatment. 
Three separate analyses of variance (Table 5) showed selections to 
include significantly more variation than the checks. Orthogonal compar­
isons indicate that the low plant yields of 24-61-1 accounted for most of 
this variation. The difference between the two checks also was signifi­
cant. 
The selections as a group yielded higher than the checks in the three 
years. Only the selection of the 107-61-2 families were higher than both 
checks each year. Among the selections, the significant superiority of 
Table 5. Mean squares for the analyses of variance for I962, I963, and 1^64 yields per plant taken 
at Ames, Iowa 
Source of variation Ames I962 Ames 1963 Ames 1964 
in • s • m » s • m «s » 
Blocks 2.90 5.40 15.71** 
Entries 42.39** 42.18* 32.30** 
Checks 80.94** 50.66* 33.82** 
Selections 27.21* 32.12* 29.06** 
107 Family vs. 104 and IO6 Family 49.19** 74.63* 132.07** 
lOh Family vsi I06 Family 5.24 19.98 11.15* 
107 Late season Family vs. 107 3' Spacing Family 1.76 15.77* 
107 Late season Family vs. 104 Mid season Family 138.58** 
107 3* Spacing Family vs. I06 1' Spacing Family 7.35 
Ames Selections vs. La Molina Selections 0.06 
3' Spacing Selections vs. 1* Spacing Selections 0.50 
Checks vs. Selections 34.20* 63.52* 53.48** 
^Calculated F Significant at the 0.05 level of probability. 
**Calculated F Significant at the 0.01 level of probability. 
Table 5» (continued) 
Ames 1962 Ames I963 
ni*6 e m.8.  
Ames 1964 
m.s. 
83.58** 
236.78** ko6.58** .21** 
52.30** 
23.38** 
1.25 
104.20** 
7.15** 
5.05* 15.91 9.00** 
10.25** 
15.31** 10.64 18.19* 
5.80** 
0.76 11.30 5.59* 
6.76** 
3.35 34.99 23.67** 
Source of variation 
Cultural treatments 
Spacing 
Date of Setting 
Size of transplant 
Spacing vs. Date 
Spacing x Date vs. Size 
Cultural treatment x Entries 
Spacing x Entries 
Cultural treatment x Checks 
Spacing x Checks 
Cultural treatment x Selections 
Spacings x Selections 
Cultural treatment x Comparison 
Spacing x Comparison 
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the 107-61-2 over the 10i|-6l-l and IO6-6I-3 lines was maintained through 
the and the families in lines selected from these families. The 
higher yield per plant that the IO6-61-3 1' spacing family showed over the 
104-6l-l midseason transplanting family in the Fg and Fij. generations 
became a significant difference in the F^ performance trial. 
Selection within 107-61-2 late season transplanting family appeared 
to be effective. The over all performance of F^ progenies of selections 
from the late season transplanting family was significantly better than 
that of selection from 3* spacing family progeny. This difference seems 
even more significant, since in 1962 the original 3' spacing trealanent 
had shown a higher yield per plant than did the late season transplanting 
treatment. 
In 1962, the 3' spacing, the midseason transplanting, and the large 
transplant size treatments gave significantly higher yields per plant than 
the other treatments. In I963 and 1964, spacing treatments, the only ones 
tested, maintained the same relative relationship. 
All treatment x entry interactions were highly significant. Espe­
cially noticeable among the checks was that small transplants of Fireball 
yielded more per plant than large transplants. This tendency had been 
reported by Hinges in I961. 
The spacing x entry relationships were investigated in each year. 
In 1962, the check x spacing interaction was highly significant, Fireball 
yielding more per plant than 24-61-1 at the 3' but less at the 1' spacing. 
In 1963, no such interaction was observed; but in 1964, the interaction 
was again apparent. Fireball was similar in yield to 24-61-1 at the 1' 
spacing. The yield of Fireball doubled when the distance between plants 
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was increased to 3'* The yield of the selections generally was higher in 
the wide spacing than in the close spacing. But, for 104-6l-l midseason 
planting treatment, this difference was notably smaller than for the other 
two families. !Phe yields per plant of selections were higher than those 
of the checks in wide spacing, but the two were quite similar at a close 
spacing. 
When years were combined in analysis, the difference between the checks 
was significant at the 0.01 level. Fireball yielded higher than 24-61-1 
every year, but both decreased in successive years. 
The yield performance of selections was conçared with that of Fireball, 
as shown in Figure 5» Most lines of the 104-6l-l midseason transplanting 
family were poorer than this variety, and one of the F^ lines selected at 
La Molina was significantly inferior at the 0.01 level when the LSD test 
was applied. The F^ selection from the Ames 107-61-2 late season trans­
planting family was significantly higher yielding, and the two F^ lines 
from La Molina were somewhat higher yielding than Fireball. 
When compared with the dwarf check (24-61-1), as shown in Figure 6, 
the Fjj^ yields of both the 107-61-2 late season transplanting and the 106-
6i-3 1* spacing family lines were significantly better. In the F^ perfor­
mance, two of the three 104-6l-l midseason transplanting family lines and 
the 106-61-3 1' spacing lines gave significantly inçroved yields per plant 
at the wide but not at the close spacing. The 107-61-2 late season trans­
planting family selections were significantly better at both spacings. 
However, there was no conclusive trend of improvement in a given family in 
these instances. 
Figure 5» Difference "between the mean yield per plant of a given selec­
tion and the check (Fireball) at the same cultural treatment 
in AJOSS, Iowa 
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Figure 6. Difference between the mean yield per plant of a given 
selection and the check (24-61-1) at the same cultural 
treatment in Ames, Iowa 
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Table 6. Ifean squares of the analyses of variance for I963 and I96U yields per plant taken at 
La Molina, Peru 
Source of variation Mean square 
La Molina La Molina 
1963 I96U 
Blocks 1.80 9.10** 
Entries 4.77 8.47** 
Checks 10.21 10.40* 
Selections 3.37 8.64** 
107 Family vs. lO^l-, I06 Family 8.36 17.58** 
104 Family vs. I06 Family 0.02 17.64** 
107 Late season Family vs. 107 3' Spacing Family 1.74 2.37 
107 Late season Family vs. 104 Midseason Family —  —  — —  18.88** 
107 3' Spacing Family vs. IO6 1' Spacing Family 2.72 
Ames Selections vs. La Molina Selections — -  — —  6.09 
3' Spacing Selections vs. 1' Spacing Selections —  —  —  —  1.61 
Checks vs. Selections 3-51 5.34 
*Signifleant at the 5^ level. 
**Signifleant at the Vf> level. 
Table 6. (continued) 
Mean square 
La Molina 
1963 
La Molina 
196k 
13.25** 
1.34 
1.08 
1.60 
l .k9  
57.70** 
1.57 
2.27 
1.66 
0.18 
Source of variation 
Spacing 
Spacing x Entries 
Spacing x Checks 
Spacing x Selections 
Spacing x Comparison 
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Results of tests at La Molina, Peru 
Table 6 shows the single year analysis of variance for yield per plant 
at La Molina. Fireball yielded more per plant than the dwarf check in 
1963 and 1964, but only in the second year was the difference significant. 
The differences among selections in I963 were not statistically signifi­
cant, although the two 107-61-2 families yielded more per plant than did 
the other two families. In 1964, the 104-6l-l midseason transplanting 
family progenies performed significantly better than any of the other 
three families. 
When years were combined for analysis, the I963 spring planting was 
significantly superior to the 19614- Winter planting at the 0.01 level. 
Wide spacing gave higher yield per plant than close spacing in both 
years, and the interaction of years with entry was not significant. 
Comparisons with the checks in total yield per plant for La Molina 
are presented in Figures 7 and 8. Relative to Fireball, the 107-61-2 late 
season family F^^ selection and the 104-6l-l midseason transplanting family 
F^ Ames selection were superior. This second line may indicate inçrovenent 
for high population performance. The F^ progenies of both 107-61-2 families 
and of 106-61-3 1' spacing family were significantly lower yielding when 
grown at the wide spacing treatment. 
All progenies of the 104-6l-l midseason transplanting family had more 
yield per plant than 24-61-1 (the dwarf check). The other families were 
poor, even though their F^^ performance in yield was high, especially at the 
3' spacing. 
The two checks did not behave similarly at both spaeings; both decreas­
ed in yield per plant from one year to the next at the high density 
Figure ?. Difference between the mean yield per plant of a given selec­
tion and the check (Fireball) at the same cultural treatment 
in La Molina, Peru 
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Figure 8. Difference between the mean yield per plant of a given selec­
tion and the check (2k-6l-l) at the same cultural treatment 
in La Molina, Peru 
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planting treatment, while at the low density planting both checks increased. 
Results of combined analyses of results from Ames, Iowa and La Molina, Peru 
In order to examine the effect of location on individual plant yield, 
data combined from Ames and La Molina for I963 and IS&i- were analyzed. The 
resulting mean squares are shown in Table 7. The spacing x location inter­
action was found to be highly significant. This may be explained by a much 
larger difference between the spacing treatments at Ames than at La Molina. 
In both locations, however, the 3' spacing resulted in better production on 
individual plants. 
In 1963, the yield of selections as a group exceeded that of the checks 
at both locations. In 1964, although yields similar to those of I963 were 
found at Ames, the selections were lower in yield per plant than the checks 
at La Molina. The disagreement was particularly noticeable for lines 
originating as selections from La Molina in the previous year. 
In 196^? selections reacted differently at each location. At La 
Molina, the 104-6l-l midseason transplanting family lines were the highest 
yielding, while the 107-61-2 3' spacing and late season transplanting were 
the lowest. At Ames, the results were reversed. In both instances, I06-
61-3 1' spacing family lines were intermediate in yield per plant. 
Tables 8 and 9 present the values for the components of variance 
calculated from each analysis. At both locations the "selections" component 
tended to increase as generations advanced. This tendency may indicate that 
the differences between lines increased as selection proceeded. The value 
was smaller than the "checks" cong)onent in every analysis. In view of the 
substantial difference in growth habit between Fireball and 24-61-1, this 
result was not unexpected. 
Table 7. Mean squares for the analyses of variance for I963 and 1964 yields per plant of two 
combined locations (Amee, Iowa and La Molina, Peru) 
Source of variation 1963 1964 
HI • s • m.s. 
Locations 599-26** 693.60** 
Blocks (location) 103.48** 81.77** 
Entries 36.20 12.76 
Checks 53.18 140.87 
Selections 26.45 8.39 
107 Family vs. 104, I06 Family 66.48 26.64 
104 Family vs. K)6 Family 9.36 0.37 
107 Late Family vs. 107 3' Spacing Family 3.50 15.19 
107 Late Family vs. 104 Mid season Family 31.68 
107 3* Spacing Family vs. I06 1' Spacing Family 0.56 
Ames Selections vs. La Molina Selections 2.49 
3* Spacing vs. 1* Spacing Selections 0.16 
Checks vs. Selections 48.47 15.25 
••Calculated F Significant at the 0.01 level of probability. 
Table 7 . (continued) 
Source of variation 19^3 1^64 
zii«s • m#s « 
Location x Entries 10.75 28.01** 
Location x Checks 7.69 3.35 
Location x Selections 9.05 29.61** 
Location x Congparison 18.90 kl.kk** 
Spacing 283.07 393.07 
Spacing x Location 136.76** 82.50** 
Spacing x Entries 9.86 3.93 
Spacing x Checks 8.88 16.79 
Spacing x Selections 4.70 1.62 
Spacing x Comparison 26.33 7.26 
Spacing x Location x Entries 7.43 6.51** 
Table 8. Canqponents of yield per plant variance for two locations in 19^2, I963 and 1964 
Variance con^onent Ames La Molina 
19b2 19b3 19b4 1963 1964 
Entry 1-58 4.07 2.49 0.26 0.51 
Check 3.19 5.13 2.62 0.94 0.67 
Selection 0.95 2.81 2.22 0.09 0.52 
Spacing 11.75 16.61 6.90 1.52 0.93 
Spacing x entry 0.83 1-97 1.09 0.06 0.00 
Spacing x check 4.26 0.85 2.62 0.00 0.07 
Spacing x selection 0.00 0.82 0.52 0.12 0.00 
Error (a) 4.36 9.62 2.39 2.67 2.36 
Error (b) 1.74 8.03 2.47 1.10 1.83 
Table 9. Conçonents of variance for analyses combining locations and years, respectively 
Variance component Location effect Year effect 
19^3 19&4 Ames La Molina 
Location 12.34 5.U.7 
Year 0.91 0.08 
Entry 1.59 0.00 0.70 O0I9 
Check 2.89 0.10 3.45 0.94 
Selection 0.98 0.00 
Location x entry 0.48 2.02 
Location x check O.K) 0.00 
Location x selection 0.27 2.15 
Spacing 3.05 3.26 
Spacing X Entry 0.30 0.00 
Spacing X check 0.18 0.86 
Spacing x selection 0.12 0.00 
Spacing x location 5.54 1.34 
Spacing x entry x location 0.86 0.72 
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The entry x spacing interactions were not consistent; the variable 
performance of Fireball affecting the variance estimate could be the reason 
for this inconsistency. As expected, the location component was of consid­
erable size; however, more variance was revealed for years at Ames than at 
La Molina. 
The location x selection variance conçonent increased fran I963 to 
196k. The performance of selected lines at each location did not reflect 
selection pressure as clearly in 1964 as in I963. 
Estimates of interplant variance were obtained for every treatment 
from the 1962 Ames trial and from the I963 and 1964 La Molina trials where 
single plant data were collected. (Tables 10, 11 and 12). Estimates for 
Fireball were high on the average. For 24-61-1, the variance decreased 
steadily in successive years. The lines selected and Fireball showed more 
interplant variation at the 3' spacing than at the 1' spacing. The dwarf 
check, 24-61-1, showed increased variation in 1' spacing. 
Based on these estimates of interplant variation, heritabilities were 
calculated using variation of 24-61-1 as an estimate of environmental 
variance. Table 13 shows the values obtained. In all instances, estimates 
at wide spacing are larger than estimates at close spacing. In both 107-
61-2 families, heritability estimates decreased as generations advanced; 
but for the 104-6l-l midseason transplanting family, the estimates 
increased. In the I962 Ames trial, no estimate of heritability was 
obtained for the treatments of 104-6l-l and IO6-61-3 from which the selec­
tions for the next generation were made. The interplant variation in these 
treatments was smaller than in the corresponding treatments of 24-61-1, 
When heritability was calculated from estimates of variance conqponents 
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Table 10. Interplant variance for yield at Ames, Iowa in I962 
Spacing Transplant date Transplant size 
Entry 3' 1' Mid season Late season Large Small Mean 
107-61-2 15.5 10.1 15.0 9.9 29.3 12.7 15.4 
104-61-1 3.5 4.6 3.0 2.5 9.3 3.0 4.3 
106-61-3 9.0 3.2 2.5 3.5 4.7 5.0 4.6 
Fireball 7.0 4.5 3.8 3.2 3.7 4.9 5.2 
24-61-1 2.6 3.6 3.5 1.9 3.7 5.3 3.4 
Mean 7.5 5.2 5.6 4.2 10.1 6.2 6.5 
Table 11. Interplant variance for yield at La Molina, Peru in I963 
Spacing 
Entry 3^ T7 Mean 
127-62-5 6.2 4.5 5.3 
316-62-4 3-5 3.0 3.2 
124-62-5 5.3 3.8 4.5 
108-62-27 3-1 2.9 3.0 
Fireball 5*7 3*4 4.5 
24-61-1 1.9 2.3 2.1 
Ifean 4.3 3*3 3*8 
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Table 12. Interplant variance for yield at La Molina, Peru in 1^64 
Seeing 
Entry T* ï/ Mean 
A-216-63-1 2.6 2.2 2.4 
LM-416-63-1 3.2 1.1 2.1 
LM-305-63-11 1.1 1.4 1.2 
LM-322-63-3 5.7 1.9 - 3.8 _ 
LM-105-63-1 1.6 1.9 1.7 
A-302-63-1 12.5 4.3 8.4 
A-410-63-1 5.9 2.3 4.1 
A-409-63-1 1.9 1.2 1.5 
Fireball 8.6 3.3 5.9 
24-61-1 1.8 1.9 1.8 
Mean 4.5 2.1 3.3 
from a single analysis of variance, the estimate tended to increase at both 
locations in successive years. Variance component estimates from a cambined 
analysis of variance resulted in a low (12 percent) estimate of heritability 
in 1963. Due to a large entry x location mean square, no estimate was 
available in 1964. 
Coefficients of variability were used to obtain a measure of variation 
within entries. Table l4 shows the increase in CV for both of the 107-61-2 
families, for the two selections made at La Molina in the 104-6l-l midseason 
transplanting family, and for one of the selections from the IO6-6I-3 1' 
Table 13. Heritability percentages based on 24-61-1 as an estimate of environmental variance for 
yield per plant of selected lines at Ames in I962 and La Molina in I963 and 1964 
Fg Heritability Fi^ Heritability Fc Heritability 
Entry and percent Entry percent Entry percent 
1962 1963 1964 
Ames La Molina La Molina 
Spacing Spacing 
3"^ Î' 3"^ T' 
107-61-2 A-216-63-1 31.0 l4.0 
Late season 81.O 127-62-5 69.0 49.0 
transplanting LM-4l6-63-l 44.0 0.0 
107-61-2 86.0 316-62-4 46.0 23.0 LM-305-63-11 0.0 0.0 
3' spacing ^ 
104-61-1 LM-322-63-3 68.0 1.0 
Mid season 0.0 124-62-5 64.0 39«0 LM-IO5-63-I 0.0 0.0 
transplanting 
A-302-63-1 86.0 56.0 
106-61-3 0.0 108-62-27 39.0 21.0 A-410-63-1 69.0 17.0 
1' spacing 
A-IK)9-63-1 1.0 . 0.0 
Table l4. Coefficients of variability for yieJxL per plant of selections and checks at Ames in I962, 
and La Molina in 1963 and 1^64 
F3 
Entry and 
treatment 
CV percent 
1962 
Ames 
F4 
Entry 
CV percent 
1963 
La Molina 
Spacing 
3' 1' 
F5 
Entry 
CV percent 
1964 
La Molina 
Spacing 
107-61-2 
Late season 
transplanting 
48.0 127-62-5 43.0 58.0 
A-216-63-I 
LM-416-63-1 
56.0 
65.0 
56.0 
69.0 
107-61-2 
3' spacing 
33.0 316-62-4 Ito.o 31.0 LM-305-63-11 47.0 60.0 
lo4-6i-i 
Mid season 
transplanting 
22.0 124-62-5 56.0 62.0 
LM-322-63-3 
m-105-63-1 
A-302-63-1 
64.0 
56.0 
62.0 
55.0 
57.0 
61.0 
106-61-3 
1' spacing 
35 iO 108-62-27 61.0 48.0 A-410-63-1 
A-409-63-1 
68.0 
46.0 
65.0 
46.0 
Fireball 3' 
1' 
25.0 
51.0 
Fireball 53.0 53.0 Fireball 71.0 60.0 
24-61-1 3' 19.0 24-61-1 56.0 65.0 24-61-1 46.0 44.0 
1' 37.0 
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spacing family. 
In 1962, 1' spacing plot had higher CV values than did 3' spacing 
plots. In 1963, this tendency vas repeated in half of the lines, and in 
1964, the eight selections had similar values at both spacings. The 
results for Fireball were inconclusive. In I962, the CV for close spacing 
was higher than the CV at wide spacing. In 1963, they were alike, and in 
1964, wide spacing had higher CV than close spacing. For 24-61-1, the CV 
at 1* spacing was higher than that obtained from 3' spacing for the first 
two years. In 196k they were comparable. 
Table 15 shows the yield per plant of each entry for the five trials 
conducted. Results indicate that yields were generally higher at Ames than 
at La Molina. For both IO7-61-2 families, the higher rank was repeated 
all three years at Ames. The F^ selections from these families, made at 
1' spacing in I963, performed poorly at La Molina in IsSk regardless of 
spacing treatment. 
The 104-6l-l midseason transplanting family maintained a low ranking 
in all three generations at Ames. The original Fg yields per plant in this 
material at 1' spacing were similar to the yields of other families. At 
La Molina, the F^ selections from this family were superior in 1964. 
For each selection, relative performance was similar at both spacings. 
The F^ selections of the IO7-6I-2 families made at La Molina 1' spacing 
appeared better adapted at Ames than at La Molina when grown in I964. But, 
in contrast, the Ames F^ progeny from 104-6l-l family selected in close 
spacing was superior at La Molina and poor at Ames. Three of the four 
selections made from wide spacing treatments in I963 had similar ranking 
at both locations. 
Table 15- Mean yield per plant for two checks and three selected lines and their Fj, and Fc progenies 
grown under specific treatments at Ames, Iowa and La Molina, Peru ^ 
Fo Entry 
and 
treatment 
F^ Yield 
per plant 
lbs. 
Fi^ Entry Spacing 
treatment 
feet 
F^_ Yield 
per plant 
lbs. 
F^ Entry Spacing 
treatment 
feet 
F5 Yield 
per plant 
lbs. 
Ames L.M. Ames L.M. 
107-61-2 3' 15.5 5.4 A—216—63—1 3* 
1' 
12.0 
6.3 
3.6 
2.7 
Late season 
transplant 
6.8 127-62-5 1' 7.5 3.7 LM-416-63-1 3' 
1' 
11.8 
5.6 
107-61-2 12.1 316-62-4 3' 14.8 4.8 
3' spacing 1' 6.4 2.6 LM-305-63-11 3' 
1' 
9.5 
5.4 
2.7 
2.0 
104-61-1 3' 8.5 4.1 LM-322-63-3 3' 
1' 
5.5 
3.5 
4.6 
2.6 
Mid season 
transplant 
7.8 124-62-5 LM-105-63-1 3' 
1' 
9.2 
5.0 
3.9 
2.4 
1' 5.0 2.6 A-302-63-1 3' 
1' 
6.7 
3.9 
5.7 
3.8 
106-61-3 5.2 108-62-27 3' 13.3 3.4 A-410-63-1 3' 
: 1' 
8.7 
4.3 
3.4 
2.4 
Table 15. (continued) 
Fq Entry 
and 
treatment 
Fg Yield 
per plant 
lbs. 
FI4. Entry- Spacing 
treatment 
feet 
Fly Yield 
per plant 
lbs. 
F 5 Entry Spacing 
treatment 
feet 
F5 Yield 
per plant 
lbs. 
Ames L.M. Ames L.M. 
1' spacing 1* 4.7 3.2 A_409_63-l 3' 
1' 
8.5 
4.6 
3.0 
2.0 
Fireball 10.6 3' 11.3 4.5 3' 8.3 6.0 
3 ' spacing Fireball Fireball 
1 ' spacing ^.3 1' 6.2 3.5 1' 4.5 2.9 
24-61-1 7.1^ 3' 4.3 2.3 3' 4.2 2.7 
3' spacing 24-61-1 24-61-1 
1' spacing 5.1 1' 6.1 2.4 1' 3.9 2.1 
71 
Ames selections seemed to be more consistent in performance in succes­
sive years, with the exception of the F5 selection (A-302-63-1) originating 
from the close spacing treatment. La Molina selections did not perform 
equally well at both locations, especially those lines originating from 
the 1' spacing treatment. 
Fruit size 
Results of tests at Ames, Iowa 
The mean squares appear in Table 18 for the three separate analysis 
of variance of the trials at Ames in I962, I963, and 1964. 
Fireball bad significantly larger average fruit size than 24-61-1 in 
1962; they were conçarable in 1963; while in 1964, the dwarf check was 
larger fruited. This indicated a highly significant year x check inter­
action which was apparent when calculated. However, the difference between 
the checks in the combined data of three years was not of consequence. 
The 107-61-2 family has significantly superior fruit size when 
coBÇ»ared with 104-6l-l and IO6-61-3 together. The means of IO7-6I-I and 
104-6l-l progenies were similar. The reason for the significance was the 
small size of IO6-6I-3 1' spacing family. Comparison of 104-6l-l family 
lines with IO6-6I-3 lines gave significant differences in every year 
tested. 
In 1962, fruit size of the checks exceeded that of the selections. 
In 1963, they were similar, although the checks gave smaller size than 
the selections at the wide spacing and larger at close spacing. In 1964, 
the difference was in favor of the selections. This trend may indicate 
that selection was effective for average fruit size at Ames. 
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Of the cultural treatments, midseason planting resulted in signifi­
cantly larger fruit than did late season transplanting. 
The specific interactions with entries were calculated only for 
spacing treatments. It should be noticed however that the selections 
responded differently to the size of transplant used. 107-61-2 and 106-
61-3 produced larger fruit with small transplants, while 104-6l-l gave 
largest size with the large transplants. The fruit size of Fireball was 
slightly reduced when using large transplants. 
In the performance trial, the spacing x selection interaction was 
highly significant; three out of four selections made at La Molina gave 
larger average fruit size at the 3* spacing than at the 1' spacing. Three 
of the four selections made at Ames gave the opposite performance. In 
both instances, the dissident selection originated from a close spacing 
treatment. Only in I963 did the 3' spacing give significantly larger 
fruit size than the close spacing. 
The fruit size, as generations progressed, reacted similarly for all 
entries. Fireball decreased every year. The other entries decreased in 
1963 (Fij.) but returned to original levels in 1^64 (F^). 
Ccnçarisons with Fireball are presented in Figure 9. Tested with 
LSD, the F^ lines of the 107-61-2 and 104-6l-l families were significantly 
larger in fruit size than this check variety at the 0.01 percent probabil­
ity level. In the IO6-61-3 family, the F^ and F^^ progeny means were 
significantly smaller, but the F^ selections were somewhat larger than 
the check. Positive trends in the progeny means were evident in all 
instances, and it should be noted that Fireball performance for both 
spacings decreased as years progressed. In the F^ performance test, the 
I 
Table 16- Jfean squaies for the analyses of variance for 1962, I963 and 196k average fruit sizes 
taken at Ames, Iowa 
Source of variation Ames 1962 
m.s. 
Ames 1963 
in • S • 
Ames 1964 
lU • S • 
Blocks 177 76 952 
Entries 5553** 2125** 7215** 
Checks 5483* 16 1+620** 
Selections 7116** 3536** 7070** 
107 Family vs. 104 Family 3221* 1995** 4l48** 
104 Family vs. I06 Family 11011** 4356** 17906** 
107 3' Family vs. 107 Late Family 256 20 
107 Late family vs. 104 Mid season 13 
107 3* Family vs. I06 1* Family 860 
Ames selections vs. La Molina selections 715 
3' spacing selections vs. 1' spacing selections 630 
Checks vs. Selections 2498 1 10830** 
insignificant at the 0.05 level of probability. 
*^ignificant at the 0.01 level of probability. 
Table l6. (continued) 
Source of variation 
Cultural treatment 
Spacing 
Date of setting 
Size of transplant 
Space vs. Date 
Space X Date vs. Size 
Cultural treatment x Entries 
Spacing x Entries 
Cultural treatments x Checks 
Spacing x Checks 
Cultural treatments x Selections 
Spacing x Selections 
Cultural treatment x Comparison 
Spacing x Conçarison 
Anes 1962 
xn • S • 
Ames 1963 
m.s. 
Ames l$6k 
HI* S • 
2104** 
1664 3571** 371 
4o8o** 
11 
2738* 
2030 
799 
54 207 1151** 
309 
116 212 46o 
1099 
33 111 1356** 
687 
34 491* 4io 
Figure 9. Difference between average fruit size of a given selection 
and the check (Fireball) at the same cultural treatment in 
Ames, Iowa 
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fruit size of selections originating from 1' spacing treatment was 
larger for the 104-6l-l and for the 107-61-2 3' spacing families when 
grown in close spacing than in wide spacing. 
When the dwarf check (24-61-1) was conçared with the selected lines, 
as shown in Figure 10, it was found that two F^ selections originating 
in the Fj^ 3* spacing of the 107-61-2 family had increased size of fruit 
in the close spacing treatment. In the 104-6l-l midseason transplanting 
family, one F^ originating at La Molina was distinctly larger under both 
treatments, While the Ames F^ selection was larger only in the close 
spacing. In both instances selection increased average size each year. 
Of the progenies of the IO6-6I-3 1' spacing, its Fj^ in a 1" spacing 
treatment and an F^ selected at Ames at the wide spacing were smaller in 
size than 24-61-1. 
Results of tests at La Molina, Peru 
The mean squares and significance relations for average fruit size 
are shown in Table 17 for the I963 and 1964 trials at La Molina. 
In all instances, whether in separate or combined analysis. Fireball 
showed significantly larger fruit size than 24-61-1, the dwarf check. 
The checks and selections were of similar fruit size in I963; but, in 1964, 
fruit size of the checks exceeded that of the selected lines. 
The 104-6l-l midseason transplanting family was shown to have larger 
fruit size and more variation than IO6-6I-3 1' spacing family in both 
1963 and 1964. It was also somewhat larger than both 107-61-2 family lines, 
but this difference was not statistically significant. 
In both years, the wide spacing gave larger fruit than the close 
Figure 10. Difference between average fruit size of a given selection 
and the check (24-61-1) at the same cultural treatment in 
Mes, Iowa 
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Table 17. Msan squares of the analyses of variance for 1963 and 196k average fruit size taken at 
La Molina, Peru 
Source of variation Mean square 
19b3 La Molina 19b4 La Molina 
Blocks 1190 1116 
Entries 6560** 1^381** 
Checks 5476* 41750** 
Selections 9068** 3018** 
107 Family vs. 1X)4, I06 Family 3^4 20 
104 Family vs. I06 Family 25520** 6233** 
107 Late season Family vs. 107 3' spacing Family 1139 27 
107 Late season Family vs. 104 Midseason Family 667 
107 3' spacing Family vs. K)6 1' spacing Family 1200 
Ames selections vs. La Molina selections 67 
3' spacing selections vs. 1' spacing selections 513 
Checks vs. Selections ' 30 66552** 
* Significant at the 0.05$ level. 
** Significant at the 0.01$ level. 
Table 17• (continued) 
Source of variation Mean square 
1963 La Molina l$b4 La liolina 
Spacing 2269* 3575** 
Spacing x Entries 1237* 517 
Spacing x Checks 729 210 
Spacing x Selections 1355* 313 
Spacing x Comparison 1392 2253* 
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spacing. However, selection x spacing interaction was significant in I963. 
Line 1214-62-5 (a derivation of 104-6l-l) was similar in size when grown at 
both spacingG, while the lines Originating from other selections showed 
larger size when grown at 3* spacing than at 1' spacing. In ISSk, this 
interaction was not significant even though the Ames selection A-302-63-1 
(F^), again a 104-6l-l midseason planting derivation, had larger fruit 
size when grown at close spacing. The discrepancy in size between the 3' 
and the 1' spacing was larger for the checks than for the selected lines. 
The effect of years was not significant at La Molina, but the differ­
ence in fruit size between Fireball and 24-61-1 was increased in 196^. 
The data presented in Figures 11 and 12 refer to comparisons made of 
the lines with Fireball and 24-61-1 under conditions existing at La Molina. 
In Fj^ performance, the line 124-62-5 (a derivative of 104-6l-l midseason 
transplanting) was significantly larger fruited when grown at 3» spacing. 
The F5 selection of this line and treatment was relatively small as were 
all the other selections. This was probably due to the great increase in 
size by Fireball from one year to the next. 
The conqparison with 24-61-1 gave the following results. The FI4, of 
107-61-3 3' spacing family was larger than this check when grown at the 
close spacing. The F4 of 104-6l-l midseason transplanting family grown 
at 3' spacing produced much larger size than the check. However, one of 
the F^ selections frraa this line and treatment was significantly lower at 
the same wide spacing. In the IO6-61-3 1' spacing family, the F^ selection 
originating from the close spacing at Ames was significantly smaller than 
the dwarf check when grown at both densities. 
The 107-61-2 family fruit size decreased in successive generations. 
Figure 11. Difference between average fruit size of a given selection 
and the check (Fireball) at the same cultural treatment in 
La Molina, Peru 
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Figure 12. Difference between average fruit size of a given selection 
and the check (2k-6l-l) at the same cultural treatment in 
La Molina, Peru 
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The checks and the IO6-61-3 1' spacing family decreased in the first trial 
at La Molina but increased in size in the next year. The 104-6l-l mid-
season family reacted differently at each spacing. At the wide spacing, 
the fruit size was maintained in 1963 and decreased in 1964. At the close 
spacing, the mean of the three selected lines decreased in successive 
years; but selection, A-302-63-I, increased over and performance. 
Results of combined trials at Ames, Iowa and La Molina, Peru 
The mean squares and significance levels are presented in Table I8. 
In 1963, the inferiority of the IO6-6I-3 1' spacing family selection was 
repeated at the two locations. There was a location x selection inter­
action involving the other two families. The 107-61-2 family was signifi­
cantly larger fruited at Ames, while the 104-6l-l midseason transplanting 
family was superior at La Molina. 
In 1964, 24-61-1 showed larger fruit size at Psmes; Fireball was larger 
i t La Molina indicating a location x check interaction. The selections 
were somewhat superior to the checks in both spacings at Ames; at La Molina, 
the checks exceeded . the lines in both spacings. 
Components of variance calculated from single and combined analyses of 
variance are found in Tables 19 and 20. At Ames, the selections and selec­
tions X spacing interaction con^onents increase in successive generations. 
The difference between the lines apparently became greater in every year, 
and particular lines behaved differently at wide and at close spacing 
distances. At La Molina, trends were not possible to define since only 
two years of data were available. 
The location component of variance estimate was small in I963. In 
Table l8. Mean squares for the analyses of variance for I963 and. 1964 average fruit sizes of two 
oombined locations (Ames, Iowa and La Molina, Peru) 
/ 
Source of variation 1963 1964 
ni*s« Bi*s« 
Locations 937 43,794** 
Blocks (locations) 722 5413** 
Entries 6888 9313 
Checks 3042 IO629 
Selections 10454* 8954 
107 Family vs. 104, I06 Family 4658 4738 
104 Family vs. I06 Family 25482 37556 
107 Late season Family vs. K)7 3' spacing Family I238 1 
107 Late season Family vs. 104 Mid season Family 24? 
107 3' Spacing Family vs. I06 1' Spacing Family 8II5 
Ames Selections vs. La Molina Selections 345 
3* Spacing Selections vs. 1* Spacing Selections 6 
••(Significant at the 0.05 level of probability. 
•«Significant at the 0.01 level of probability. 
Table 18. (continued) 
Source of variation I963 1964 
ZEi*s« m » S » 
Checks vs. Selections 19 23688 
Location x Entries 1743* 10967** 
Location x Checks 2450 37074** 
Location x Selections 2085* 1134 
Location x Comparison 12 53694** 
Spacing 5766 3125 
Spacing x Location 74 821 
Spacing x Entries 997 1303* 
Spacing x Checks 276 24 
Spacing x Selections 032 1015 
Spacing x Comparison 1913 4602** 
Spacing x Entries x Locations 448 365 
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Table 19. Components of fruit size variance for two locations in I962, 
1963 and 1964 
Variance component Ames La Molina 
1952 1963 1954 1963 196% 
Entry 206 221 556 737 1135 
Check 203 0 339 601 3416 
Selection 271 398 543 1042 188 
Spacing 56 l44 124 77 52 
Spacing x entry 0 25 8 204 15 
Spacing x check 0 26 158 77 0 
Spacing x selection 0 1 0 233 0 
Error (a) 613 355 551 666 763 
Error (b) 547 108 4o8 421 427 
1964, fruit size was significantly different in Ames and at La Molina, and 
the check x location component was much larger than selections x location. 
That checks were inconsistent is also apparent from the relatively large 
year x check variance, particularly at La Molina. 
As was found for yield per plant, the year components of variance for 
fruit size was much larger at Ames than at La Molina. 
Estimates of interplant variance for fruit size are shown in Tables 
21, 22 and 23 for the I962 Ames trial, and the 1963 and 1964 La Molina 
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Table 20. Components of fruit size variance for analyses combining loca­
tions and years respectively 
Variance conqoonent Location effect Year effect 
1^53 Ames L.M. 
• Year 105 4 
Location 6 358 
Location x Entries 138 849 
Location x Checks 227 3025 
Location x Selections 181' 30 
Location x Spacing 0 7 
Location x Entries x Spacing k6 0 
Entries 322 0 
Checks 81 0 
Selections 545 0 
Spacing x Entries 69 78 
Spacing x Checks 0 0 
Spacing x Selections 60 54 
trials. Fireball increased in interplant variance in successive years. 
The variance of the dwarf check, 24-61-1, was used as an estimate of 
environmental variance in order to calculate heritability. The close 
spacing interplant variance for this entry was unusually large making the 
estimates of heritability on this basis zero. The estimates obtained are 
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Table 21. Interplant variance for average fruit size at Ames, Iowa in I962 
Entries Spacing Transplant date Transplant size Mean 
3" 1' Mid- Late Large Small 
season season 
107-61-2 1232 3128 971 1570 786 1153 1473 
104-61-1 1115 1230 1661 207 2983 1603 l466 
106-61-3 1043 1077 292 598 780 924 786 
Fireball 1424 1892 l4o8 812 1667 1271 1412 
24-61-1 757 731 629 782 631 455 664 
Mean lll4 l6l2 992 79^ 1369 IO81 II60 
Table 22. Interplant variance for average fruit size at La Molina, Peru 
in 1964 
Entries Spacing Mean 
3' F 
127-62-5 1538 2388 1963 
316-62-4 1901 3417 2659 
124-62-5 1010 2979 1994 
108-62-27 983 104l 1012 
Fireball 2154 3204 2679 
24-61-1 1181 4477 2829 
Mean l46l 2918 2189 
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Table 23. Interplant variance for average fruit size at La Molina, Peru 
in 1964 
Entries Spacing 
1' 
Mean 
A-216-63-1 2394 1304 184-9 
LM-in6-63-l 574 1382 978 
rM-305-63-11 703 1302 1002 
LM-322-63-3 2695 1338 2016 
LM-105-63-1 2155 1235 1695 
A-302-63-1 1142 1605 1373 
A-410-63-1 644 1434 1039 
A-409-63-1 784 711 747 
Fireball 2639 3726 3182 
24-61-1 640 812 726 
Mean 1437 1485 l46l 
shown in Table 2k. 
In 1962 and I963, the close spacing treatment gave higher estimate of 
heritability than the wide spacing treatment. In 1964; the larger estimate 
of heritability for the 107-61-2 and 104-6l-l midseason tranplanting 
families corresponded to the treatment from which the selection originated 
in the previous generation. 
No particular trend was shown by the families as generations advanced. 
It appears that the heritability estimate was comparable in the and 
Table 2h. Heritability percentages based on 24-61-1 as an estimate of environmental variance for 
average fruit size of selected lines at Ames in I962 and La Molina in I963 and 1964 
E^try and 
treatment 
Heritability 
percentage 
1962 
Ames 
F4 
Entry 
Heritability 
percentage 
1963 
La Molina 
Spacing 
3' 1' 
E^try 
Heritability 
percentage 
"1964 
La Molina 
Spacing 
3' 1' 
107-61-2 
Late season 50.0 127-62-5 23.0 0.0 
A-216-63-1 
LM-416-63-1 
73.0 
0.0 
38.0 
41.0 
107-61-2 
3* spacing 39.0 316-62-4 38.0 0.0 LM-305-63-11 9.0 38.0 
104-6l-l 
Mid season 62.0 124-62-5 0.0 0.0 
LM-322-63-3 
LM-105-63-1 
A-302-63-1 
76.0 
70.0 
44.0 
39.0 
34.0 
49.0 
106-61-3 
1' spacing 32.0 108-62-27 0.0 0.0 
A-410-63-1 
A-409-63-1 
1.0 
0.0 
43.0 
18.0 
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generations for the four families. 
When variance conçonents of a single analysis of variance were used 
to estimate heritability, Ames estimates did not show any trend while 
La Molina heritabilities decreased from one year to the next. In all 
instances the estimates of heritability for fruit size were higher than 
those for yield per plant. 
The average fruit sizes for selections and checks are found in Table 
25. For the 107-61-2 families, only the Ames selection maintained its 
high ranking during the three years tested. The three F^ lines as a group 
maintained their size at Ames, while at La Molina they decreased. The Fc 
5 
progenies of the iOk-6l-l midseason transplanting family from Ames and one 
F^ from La Molina maintained their relative rank, increasing in average 
fruit size at both locations in successive years. The other La Molina 
selection decreased in size. The Ames progeny originating in close 
spacing did much better at this spacing than at the wide spacing, both at 
Ames and at La Molina. The IO6-61-3 1' spacing family lines maintained 
their poor initial rank and size in the three years of the trial at both 
locations. 
Average fruit size for Fireball was progressively smaller at Pines as 
years advanced. At La Molina its performance was quite high in 19614-. The 
dwarf check, 24-61-1, maintained a fairly uniform size, being larger than 
Fireball only in 1964 at Ames. 
Correlation of Yield per Plant and Average Fruit Size 
The phenotypic and genotypic correlations for each entry and treat­
ment combination were obtained using single plant data and the interplant 
Table 25» Mean fruit size for two checks and three selected Fo lines and their Fj^ and Fc progenies 
grown under specific treatments at Ames; Iowa and La Molina, Peru 
Fo Entry 
and 
treatment 
Fg Mean 
fruit size 
lbs./fruit 
F^^ Entry Spacing 
treatment 
feet 
Fj, mean 
fruit size 
lbs./fruit 
Ames L.M. 
Fj Entry Spacing 
treatment 
feet 
F5 Mean 
fruit size 
lbs./fruit 
Ames L.M. 
A-216-63-1 3' 0.212 0.171 
107-61-2 3' 0.201® 0.169 1' 0.214 0.154 
Late season 0.218 127-62-5 
0.172 0.162® LM-416-63-1 transplant 1' 3' 0.210 0.151 
1' 0.190 0.146 
107-61-2 3* 0.201 0.185 
3' spacing 0.210 316-62-4 
0.188 0.182® LM-305-63-11 0.206 0.156 1' 3' 
1' 0.210 0.153 
LM-322-63-3 3' 0.236 0.177 
104-61-1 3' 0.193 0.237® 1' 0.228 0.170 
Mid season 0.233 124-62-5 
LM-105-63-1 0.176 0.147 transplant 3' 
1' 0.153 0.131 
1' 0.165® 0.177 A-302-63-1 3' 0.199 0.170 
1' 0.241 0.183 
^Indicates the Fi^ treatment and location from where the F^ entry was selected. 
Table 25- (continued) 
Fo Entry 
and 
treatment 
Fg Mean F^^ Entry 
fruit size 
lbs./fruit 
Spacing Fi, Mean 
treatment fruit size 
feet lbs./fruit 
Ames L,M. 
F^ Entry F5 Mean Spacing 
treatment fruit size 
feet lbs./fruit 
Ames L.M. 
106-61-3 0.173 
1' spacing 
108-62-27 
3' 
1' 
0.156® 0.144 A-410-63-1 3' 
0.137® 0.l4l A-U09-63-I 3' 
1' 
0.170 0.155 
0.179 0.154 
0.186 0.139 
0.167 0.122 
Fireball 0.220 
3' spacing 
1' spacing 0.204 
Fireball 
3' 
1' 
0.180 0.194 
0.175 0.182 
Fireball 
3' 
1' 
0.162 0.273 
0.160 0.238 
24-61-1 
3' spacing 
1* spacing 
0.198 
0.193 
24-61-1 
3' 
1' 
0.180 0.182 
0.171 0.158 
24-61-1 
3' 
1* 
0.198 0.183 
0.179 0.161 
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variances and covariances calculated from them. The dwarf check (24-61-1) 
interplant variances and covariances were used as estimates of the envi­
ronmental component. The results are shown in Tables 26 through 31 for 
the Pg generation at Ames, and the and generations at La Molina. 
The genotypic correlations were larger at wide spacing than at the 
close spacing, except for the two estimates available in the Pi^. The 
phenotypic correlations for the 104-6l-l line and for the progenies 
from 106-61-3 1' spacing family were smaller in the 1' spacing than in 
the 3' spacing. 
Table 26» Phenotypic correlations based on intei^>lant variance and covariance between yield per plant 
and size of fruit for progenies at La Molina, Peru in 196k 
Treatment A 2l6- m 4l6- IM 305- IM 322- IM 105- A 302- A 4lO- A ^09- Fire- 24-6l- Mean 
63-1 63-1 63-11 63-1 63-1 63-1 63-1 63-1 ball 1 
3' spacing -0.035 0.327 0.005 0.518 0.457 0.304 -0.008 0.159 0.024 0.528 0.231 
1' spacing -0.063 -0.098 0.030 0.249 0.158 0.299 0.238 0.214 0.173 0.193 0.139 
Mean -0.049 0.114 0.017 0.383 0.307 0.301 0.115 0.186 0.098 0.360 0.184 
Table 27* Genetic correlations between yield per plant and size of fruit for Fc progenies at La Molina, 
Peru in 1^64 using 24-61-1 as estimate of interplant variance and covariance 
Treatment A 216-
63-1 
IM 4l6-
63-1 
LM 305-
63-11 
LM 322-
63-1 
LM 105-
63-1 
A 302-
63-1 
A 410-
63-1 
A 409-
63-1 
Mean 
3' spacing 0.092 -0.017 1.704 0 .066 0.047 
1' spacing -0.042 -0.303** -0.170 0.010 0.126 0.152 0.134 -0.317** 0.051 
Mean -0.042 -0.015 -0.093 0.010 0.126 0.152 0.134 -0.125 -0.024 
**Significant at the 0.01 probability level. 
Table 28 • Phenotypic correlation based on inteiplant variance and covariance between yield per plant 
and size of fruit for progenies at Ames, Iowa in 1962 
Treatment Entry Entry Entry Entry Entry A Mean 
107-61-2 104-61-1 106-61-3 Fireball 24-61-1 
3' spacing 0.150 -0.128 O.56O 0.248 O.I96 0.205 
1' spacing -0.115 -0.079 0.123 0.143 0.040 0.022 
Mid season 
transplanting 0.246 0.056 -0.054 0.327 0.199 0.155 
I 
Late season 
transplanting 0.227 -0.2l6 0.702 0.275 -0.503 0.097 
Large plant 
size 0.158 0.200 0.025 0.386 0.036 0.161 
Small plant 
size 0.418 0.177 0.179 -0.161 0.399 0.202 
Mean O.I8I 0.002 O.256 0.203 0.06I 0.l40 
Table 29. Genetic correlation between yield per plant and size of fruit for F^ progenies at Ames, 
Iowa in I962 using 24-61-1 as estimate of interplant variance and covarlance 
Treatment Entry 
107-61-2 
Entry 
104-61-1 
Entry 
106-61-3 
Mean 
3* spacing 0.1498 0.057 0.894 0.367 
1' spacing -0.118 -0.196 
s 
-0.152 
Mid season 
transplanting -0.2698 0.228 -0.020 
Late season 
transplanting 0.397*8 0.085 1.271 0.241 
Large plant 
size 0.173 0.256 -0.010 0.139 
Small plant 
size 1.595 -0.050 -0.050 
Mean 0.150 -0.013 0.265 0.123 
*Signifleant at the 0.05 probability level. 
^Indicates the treatment and location from where the entry was selected. 
Table 3Q. Phenotypic correlations based on interplant variance and covariance between yield per 
plant and size of fruit for Fij. progenies at La Molina, Peru in I963 
Treatment Entry 
127-62-5 
Entry 
316-62-4 
Entry 
124-62-5 
Entry 
108-62-27 
Entry 
Fireball 
Entry 
24-51-1 
Mean 
3' spacing 0.773 0.546 0.575 0.417 0.685 0.326 0.554 
1' spacing 0.535 0.435 0.510 0.273 0.191 0.281 0.370 
Mean 0.654 0.489 0.542 0.345 0.438 0.303 0.462 
Table 31. Genetic correlation between yield per plant and size of fruit for Fi^ progenies at La Molina ; 
Peru in I963 using 24-61-1 as estimate of interplant variance and covariance 
Treatment 127-62-5 316-62-4 124-62-5 108-62-27 Mean 
3' spacing 
1' spacing 
Mean 
0.236 
0.390**s 
0,313 
0.049 
0.049 
0.009® 
0.201 
0.105 
0.467* 
0.467 
0.190 
0.295 
0.225 
*Significant at the O.O5 probability level. 
**Significant at the 0.01 probability level. 
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DISCUSSION 
Influence of Environmental Conditions on Trial Results 
In comparing environmental conditions of the two areas (Ames, Iowa 
and La Molina, Peru), one has to consider a conçlex of climatic factors. 
During the trials, the Ames climate was more favorable than that of La 
Molina for tomato production. Although the two trials at La Molina were 
conducted in two distinctly different seasons, both of these periods had 
a lower tenç)erature, lower light intensity and higher relative humidity 
than Ames. These conditions may not have favored efficient growth. 
At Ames, rainfall amount and distribution during the growing season 
appeared to be the most important limiting factor to yield. The 1964 
trial, where precipitation during July and August was below average, shows 
markedly lower yields of smaller fruit per plant than the other two trials. 
Temperatures in the early part of the season also may have affected 
production. Low temperature has been demonstrated to reduce set in 
varieties similar to the parent varieties used in the present study. 
No critical comparison of soils in the two areas was attempted. 
Clarion-Webster silty clay loams of Ames appear to have excellent structure 
and fertility for agricultural production. The alluvial soils of the 
La Molina area need careful management and fertilizer practices for 
maximum yields. These soils have been in continuous vegetable production 
for almost fifteen years. 
lOk 
Influence of Cultural Treatments on Effectiveness of Selection for Total 
Yield per Plant 
Ames, Iowa 
One of the criteria used for single plant selection in successive 
generations was total yield per plant (from four to five harvests). The 
difference observed in performance were duplicated in and F^ trials, 
indicating that such replicated trials may he valuable in evaluating Fg 
tomato selections of restricted vine growth. The ability to recognize 
high yielding single plants may be related to the tendency for fruit to 
be concentrated on small vines in a short period of time. Such trials may 
also allow one to distinguish the value of a cross in producing high 
yielding lines. 
As shown in Figure 13, further selection within certain families 
increased the initial difference relative to the best check (Fireball). 
For exançle, the yield separation of 107-61-2 late season transplanting 
family mean and the general mean of Fireball increased after two years 
of selection. However, if one had cornered F^ performance of 107-61-2 
late season with Fireball performance in late season transplanting 
treatment, the superiority of this progeny over other progenies might 
not have been recognized. • The difference induced by transplanting 
treatment may indicate influence of transplanting date in the expression 
of high yielding genotypes. It further suggests a possible advantage of 
setting breeding material in the field on several dates during the 
transplanting season. 
Heritabilities based on interplant variances were similar in the 
two cultural treatments from which plants of line 107-61-2 were selected. 
Figure 13. Yield per plant for each family, their progenies, and the 
checks at Ames in 19^2, I963 and I964 
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These estimates were larger than those for the cultural treatments from 
which the other two lines were selected. It is possible that Fg lines 
may be selected both on the basis of mean yield and heritability. In 
such a system, one could predict to some degree the potential for further 
selection advance in a specific line. 
There were indications that growth pattern and yield per plant were 
related. Fireball (determinate habit) generally yielded more than 24-61-1 
(dwarf habit), but the difference between these lines was noticeable only 
at wide spacing. 
La Molina, Peru 
The unfavorable climatic conditions and a high incidence of diseases 
and pests during each growing season resulted in low yields at La Molina. 
Yield was superior on plants developing during the high temperature, 
lower humidity season (October through February). This is in agreement 
with the usual cultural recomendations for tomato production in the area. 
Selection performance for the Fi^, on the average, was not duplicated 
by the F^ (Figure l4). The rank of the Fj^ lines at each spacing was 
inconsistent. This inconsistency may be observed for the 107-61-2 3' 
spacing family (an F^ selection characterized by determinate growth 
habit). This suggests again that plant habit interacts with competition. 
Specific selections from Ames were more stable at both spacings and 
superior to those made at La Molina. This superiority could reflect an 
inability to separate genotypes in the Fj^^ at La Molina. The frequency 
distributions were generally narrow in range. 
As can be seen in Figures 1$, l6, and 17, the selections from 
Figure l4. Yield per plant for each family, their progenies, and the 
checks at Ames in I962 and at La Molina in I963 and 
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Figure 15. Two-way frequency distribution of yield per plant and size of fruit for the 107-61-2 
late season transplanting family at Ames in I962 and La Molina in I963 and 1964 
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Figure 16. Two-way frequency distribution of yield per plant and size of fruit for the 107-6I-2 3' 
spacing family at Ames in 1962 and La Molina in I963 and 1^64 
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Figure 17. Two-way frequency distribution of yield per plant and size of fruit for the 104-6l-l 
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La Molina were not always from the positive extreme of the two-way fre­
quency distributions. 
Selections A-302-63-1 and LM-322-63-3 frcm the 104-6l-l midseason 
transplanting family show similar performance at both locations, suggest­
ing that this family may have wide adaptation. 
Influence of Location on Yield per Plant 
Yields per plant and per acre were lower at La Molina than at Ames. 
As a partial explanation, yields of the check, Fireball, in four unre­
lated trials at La Molina were as follows; 
Year Month of 
last 
harvest 
1962 July 
1962-63 February 
1963-64 February 
1964 October 
Direct seeded 
(tons/acre) 
3.8 
16.5 
14.5 
3.3 
Transplanted 
(tons/acre) 
2.7 
12.6 
Source 
(Buscbbeck, 1964) 
(Buschbeck, 1964) 
It can be seen that season has a definite influence on yield. The 
main differences between the two seasons are in tençerature, sunlight, 
and relative humidity. All decrease in the winter. Plant growth in 
the first part of the growing period is thus very slow, and conditions 
are ideal for the spread of late blight or other diseases. In 1964, 
the lower yields per plant at La Molina than at Ames may be attributed 
to high insect populations and/or low soil fertility at the former 
location. 
In F^ performance, it appeared that the location at which the selec­
tion was made ns»u little effect on subsequent performance. Rather, the 
117 
family origin and genetic correlations among the pertinent characters 
determined this performance. 
In combining locations, the location coniponent of variance could be 
estimated and was, as expected, quite large. On the other hand, when 
years were combined, the variance due to years was much larger at Ames 
than La Molina. Environment fluctuates more at Ames than at La Molina, 
principally in moisture distribution. Tomatoes at La Molina are irrigated 
unifomLy; at Ames, rainfall, while sufficient in total amount, may be 
distributed unevenly during the season. Temperature fluctuations from 
day to day are also more extreme in the tenqperate continental climate 
than in the semi-arid marine climate. 
In a practical sense, a small component of variance for year, if 
substantiated by further tests, may permit a breeder in a tomato improve­
ment program to release varieties with two or three years of testing. 
However, an increase in number of locations for testing appears desirable. 
Influence of Cultural Treatments on Effectiveness of Selection 
for Average Fruit Size 
Ames, Iowa 
The second main criterion for selection in this experiment was 
average fruit size. Differences initially observed were not repeated 
consistently as noted for yield per plant (Figure l8). Selections in 
comparison with the dwarf check, increased in size in successive genera­
tions; Fireball showed a different pattern, since it decreased in size 
each year. This decrease of Fireball size was possibly related to 
unfavorable moisture or temperature distribution. It is apparently an 
*1 
Figure l8. Average fruit size for each family, their progenies, and the 
the checks at Ames in I962, I963, and 1964 
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early variety in which these envlronneatal factors are particularly impor­
tant. A negative value for the correlation coefficient (r) between fruit 
size and yield per plant was obtained for the 104-6l-l midseason family 
in the Fg. This value was not statistically significant from zero. This 
lack of correlation may provide an explanation for the later response of 
its progenies. For size, these progenies cornered favorably with the 
107-61-2 selections, but for yield they were the poorest in the trials. 
In F^ perfonaance, selections from Ames usually gave similar fruit 
size at both spacings. Those from La Molina tended to be much larger 
fruited at the wide spacing. This result may have reflected the tendency 
for Ames selections to be dwarf plants. At La Molina, selections developed 
larger vine types. There was, however, one selection made at each location 
from the 1' spacing treatment of the Fj,. test, that behaved in the opposite 
way. It seemed that the genotype was not expressed as clearly in this 
high plant density with interplant conçetition. 
La Molina, Peru 
Since the checks behaved quite differently in the two trials at 
La Molina, con^risons of the effectiveness on one generation of selection 
are difficult to make. (Figure I9) It appeared that competition affected 
fruit size. Wide spacing resulted in increased fruit size. Limitation 
of light intensity and soil nutrients were perhaps more significant in 
La Molina. However, not all selections behaved equally. Some were 
recorded as large fruited at close spacing, for example, A-302-63-1. 
Figure 19. Average fruit size for each family, their progenies, and the 
checks at Ames in 19^2 and at La Molina in I963 and 1964 
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Influence of Location on Fruit Size 
In 1963 overall mean fruit size was couvrable at both locations. 
However, 104-6l-l midseason transplanting family showed smaller size than 
the two 107-61-2 families at Ames, but larger size at La Molina. This 
may suggest that growing conditions at La Molina may have affected fruit 
size of 107-61-2 families more than that of the 104-6l-l midseason trans­
planting family. 
In 1964, fruit sizes at Ames were significantly larger than at 
La Molina, with the exception of Fireball. The larger fruit size of 
Fireball at La Molina was not expected and may have reflected an acciden­
tal cross of the plant from which seed of Fireball was obtained. Higher 
cross pollination for tomatoes has been reported by Rick (1950) in this 
area, and abnormally large plant habit and fruit size for this variety 
was observed in this trial. It is postulated that the seed of Fireball 
used may have been an accidental F^ hybrid. The selections maintained 
similar ranks at both locations. 
Close spacing increased interplant variance estimates and frequency 
distribution ranges. It is postulated that single plant fruit sizes are 
not equally affected by conçetition, and that plants at wide spacing give 
more uniform average fruit size per plant. Plants in a close spacing 
produce a few large fruits or several small fruits, thus showing more 
variance of the character as measured. 
The 104-6l-l midseason transplanting family had larger estimates of 
heritability than the 107-61-2 3' spacing and late season transplanting 
families in the cultural treatments giving rise to progenies of these two 
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families. This may again suggest that for fruit size, as for yield per 
plant, heritability estimates together with mean size could be used to 
predict further advance from selection in a specific line. 
The tendency of the selection x spacing component of variance to 
increase from generation to generation may suggest the possibility of 
selection for adaptation to a given spacing. For A-302-63-I, this adap­
tation may account for the larger fruit size at the high density planting 
as conçared to low density planting. 
In combining single year trials, the location coaotçonent of variance 
could be estimated. In 1963, it was smaller than the years' conçonent; 
while in 1964, it was larger. This does not agree with the results for 
yield per plant where, in both instances, the location effect on variance 
was larger than the year effect. 
The variance due to years for fruit size at Ames was larger than 
that observed at La Molina. This suggests, as it did for yield per plant, 
that in a breeding program in this semi-arid marine climate the release 
of varieties may be possible after two or three years of testing over 
several locations. 
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SUMMARY 
A series of experiments was conducted in I962, I963, and 1964 to 
test the effect of cultural practices on selection for yield and fruit 
size at two widely different locations. Tests were conducted at Ames, 
Iowa and at La Molina, Peru to assess modifications in spacings, trans­
plant size, and transplanting date, as affecting phenotype and selection 
progress. Data were analyzed for mean performance, for heritability in 
specific treatments and for genetic correlations between characters in 
each year and location. 
In 1962, three lines and two checks were included in a split plot 
trial involving six cultural treatments (1' and 3' spacing; small and large 
transplant size; midseason and late season transplanting date). In sub­
sequent years, the number of treatments and entries changed, but the 
design was similar. 
In the conditions of these trials, relative yield performance of 
entries did not change at Ames. It did at La Molina. The fruit size 
performance, however, was not consistent at either location. This trend 
was observed within unselected and selected material, indicating no 
outstanding shift in phenotype due to selection at a given location. The 
genetic value of any one line was the determining factor in degree of 
response to selection. 
Selected lines exhibiting relatively high heritability estimates in 
trial treatments appeared to inçrove with further selection. Higher 
estimates were observed under 3' spacing treatments than under 1' spacing, 
suggesting that variation induced by competition was a factor. 
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Growth habit appeared to have some effect on performance of yield 
per plant and fruit size. The determinate check (fireball) outproduced 
the dwarf check (24-61-1) at the wide spacing, but this difference was 
insignificant at the: close spacing. There appeared to be an influence of 
location on vine growth. Larger vines at La Molina produced significantly 
larger fruit at wide spacing as coDçiared with 1' spacing. 
The year variance was larger at Ames than at La Molina. This 
reflects the effect of continental climate at Ames. At La Molina, the 
variation induced by year was less. In a practical plant breeding program 
this suggests the possibility of testing varieties for fewer years before 
releasing when environmental conditions appear more stable. This seems 
to be the case in the semi-arid marine climate prevalent in the La Molina 
area. 
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